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A heterogeneous method fo r  the a c e ty la t io n  o f 
co tto n  cellu lose was used f o r  the preparation  o f  high 
m olecular weight c e l lu lo s e  tr ia ce ta te ,, The ra tes  o f  
a ce ty la t io n  and degradation  o f  c e l lu lo s e  using d i f fe r e n t  
ca ta ly s t  (z in c  c h lo r id e ) ,  con cen tra tion s a t d i f f e r e n t  
tem peratures were studied®
V is co s ity -c o n ce n tra t io n  stu d ies f o r  so lu t io n s  o f 
c e l lu lo s e  t r ia c e t a t e  in  the so lven ts  ch loro form , 
methylene c h lo r id e , te tra ch lo ro e th a n e , form ic a c id  and 
m -creso l were ca rr ie d  out® M olecular weight determ inations 
were ca rr ie d  oiit osm om etrica lly  (M echro-lab Model 501) 
using ch loroform  as a s o lv e n t , f o r  c e l lu lo s e  t r ia c e t a t e  
samples in  the m olecu lar weight range o f  30 , 000- 15 0 , 000®
The Mark-Houwink v is c o s ity -m o le c u la r  weight re la t io n s h ip  
f o r  c e l lu lo s e  t r ia c e t a t e  in  the above so lv en ts  and the 
Huggin^s v is c o s ity -c o n c e n tr a t io n  re la t io n s h ip  were
t
in v estig a ted  and the r e s p e c t iv e  values o f  &C , K and k 
constants were determined®
The ra te  o f  degradation  o f  c e l lu lo s e  t r ia c e t a t e  
in  ch lo ro fo rm -a ce tic  anhydride so lu tion s  f o r  the ca ta ly s ts  
st!phuric,a33si p e r c h lo r ic  a c id , antimony pent®; c h lo r id e , 
f e r r i c  c h lo r id e , stan n ic c h lo r id e , te llu riu m  t e t r a ­
ch lo r id e  and bismuth t r i c h lo r id e ,  were studied® The 
e f f e c t  o f  ca ta ly s t  con cen tra tion , a c e t ic  anhydride 
con cen tra tion  and temperature ( 15 ° ? 20° ,  2 5 ° 9 30° and 
4 0 °) on ra te  o f  degradation  were investigated®  An 
attempt has been made in  t h is  work to  presen t the
( i i )
SUMMARY
( i i i )
degradation  r e s u lts  in  terms o f  m olecu lar w eights 
in stead  o f v i s c o s i t y  numbers as in  previous work, so 
th at th e o r e t ic a l  equations f o r  the degradation  k in e t ic s  
Gam he tested ,, A s in g le -p o in t  method was used to  
r e la te  the v i s c o s i t y  number w ith the lim it in g  v is c o s i t y  
number in  a p a r t ic u la r  so lv en t mixture at a g iven  
temperatureo Under the g iven  con d ition s  o f  so lven t 
m ixture and tem perature K and K  were evaluated and used 
in  the Mark-Houwink equation  to  ca lcu la te  the m olecu lar 
w eigh ts«
The work d escr ib ed  in  th is  Thesis was ca rr ie d  out 
in  the Chemistry Department, U n iversity  o f Surrey, under 
the su p erv is ion  o f  Dr„ P„ Howard.
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He a lso  thanks Dre J«A. B arrie o f  Im perial C ollege  f o r  
the perm ission  to ca rry  out the osmometric work at 
h is  Polymer Laboratory* The h elp  and a ss is ta n ce  re ce iv ed  
from Mr J)* R. $ ?o l-r ich  and h is  s t a f f  is  a lso  g re a tly  
appreciated.,
•fcke. f i vvvdt
Thanks are a lso  due to /T ru stees  o f Edwina Mountbatten 
f o r  th e ir  f in a n c ia l a ss is ta n ce  towards the co s t  o f  
th is  th esiso
( iv >
ACKNOWLEDGEMENTS
SUMMARY
ACKNOWLEDGEMENTS 
INDEX 
CHAPTER I 
INTRODUCTION 
CHAPTER I I
PREPARATION OP CELLULOSE TRIACETATE 
Experimental 
R esults
D iscu ssion  o f  R esults 
CHAPTER I I I
MEASUREMENT OP OSMOTIC PRESSURE OP CELLULOSE 
TRIACETATE SOLUTIONS 
Experimental 
C a lcu la tion s 
CHAPTER IV
VISCOSITY STUDIES OP CELLULOSE TRIACETATE m  
SOLUTIONS
Experimental
R esults
D iscussion  o f  R esults 
CHAPTER V
DETERMINATION OP LIMITING VISCOSITY NUMBER BY 
A SINGLE-POINT METHOD 
Experimental 
R esults
INDEX
TITLE
D iscu ssio n  o f R e su lts
(V i)
S a s ®
CHAPTER VI
DEGRADATION STUDIES OP CELLULOSE TRIACETATE IN
SOLUTIONS CONTAINING ACID CATALYSTS 1'i4
Experimental 1 1 7
R esults 118
D iscu ssion  o f R esults 152
CHAPTER VII
DEGRADATION STUDIES OP CELLULOSE TRIACETATE IN 
SOLUTIONS CONTAINING METAL CHLORIDE CATALYSTS 166
Experimental 168
R esu lts 169
D iscussion  o f  R esu lts 180
R eaction  Mechanism 182
APPENDIX 188
Suggestion  f o r  Future Work 190
R eferences 191
-  1 -
C H A P T E R  I 
INTRODUCTION
»«. 2
natural polym er, the m o d ifica t io n  and improvement o f  such
p ro p ertie s  as w a te r -r e p e lle n cy , crease -re s is ta n ce , and
flam m ability  are im portant problems at present* F ish er 
( 3  )and Perkerson^ '  d e fin e  the term "chem ical m o d ifica t io n "  
as the chem ical treatm ent o f  co tton  which w i l l  produce a
(O')re a l m o d ifica t io n  o f  i t s  p rop erties*  Reid^ y con sid ers the 
chem ical m o d ifica t io n  o f  c e l lu l o s i c  f ib r e s  to  be a 
con version  o f  the e n t ir e  or part o f  the m ateria l in to  
another chemical compound w ith p reserva tion  o f the o r ig in a l 
f ib ro u s  s tru ctu re  o f  the i n i t i a l  m ateria l * Methods which 
may "be employed to  m odify the p rop ertie s  o f  c e l lu lo s e  
a r e : ••
( i )  in tro d u ct io n  o f variou s types o f  su b stitu e n ts ;
( i i )  in tro d u ct io n  o f  g ra ft -co p o ly m e r isa tio n  w ith a 
carbon -ch a in  or heiero-chain sy n th etic  polym er; 
( i i i )  su rfa ce  treatm ent o f  c e l lu lo s e  to  minimise i t s  
flam m ability  and the tendency to  crease o f  the 
f in is h e d  product*
C e llu lo se  i s  a l in e a r  polymer composed o f  in d iv id u a l 
anhydroglucose u n its  (a ls o  c a lle d  glucopyranose u n its )  
jo in ed  at the 1 and 4 p o s it io n s  through g lu o o s id ic  bonds 
to  g ive  a b e ta -co n fig u ra tio n *  I t  can be represen ted  as 
fo llo w s  with ’ n ' having values ranging from 50 to  5000 or 
m ore:-
C e llu lo s e  i s  th e  most fr e q u e n tly  and w id e ly  used
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There i s  no evidence o f  e ith e r  c r o s s - lin k in g  or branching
( 1  "6 ) ( 4—9 )v and th is  i s  confirm ed by more recen t w orkv „
In  the a c e ty la t io n  r e a c t io n s , c e l lu lo s e  i s  u su a lly  
attacked in  severa l ways, f i r s t l y ,  the g lu c o s id ic  linkage 
i s  attacked w ith some degradation  and secondly^ the very  
re a c t iv e  hydroxyls may be su b stitu ted  in  various ways*
Cotton c e l lu lo s e ,  w ith  i t s  high degree o f  c r y s t a l l in i t y  
and consequent in s o lu b i l i t y ,  i s  a v e ry  d i f f i c u l t  polymer on 
which to  carry  out sy n th e tic  r e a c t io n s e The problem o f  
incom plete a c c e s s ib i l i t y  due to  c r y s t a l l in i t y  has always 
been the c o n tr o l l in g  fa c t o r  with th is  polymer*
In order to  a ce ty la te  c e l lu lo s e ,  substances must 
penetrate both  the  amorphous and c r y s t a l l in e  reg ion s in  
order to  re a ct  w ith  the hydroxyl groups* The s e le c t io n  o f 
reagents which f u l f i l  these con d ition s w ithout at the same 
time preventing e s t e r i f i c a t io n  or in trod u cin g  u n desirab le  
s id e  r e a c t io n s , such as chain degradation , is  v ery  lim ited *  
A ce ty la tio n  w ithout decom position , may be brought about by 
f i r s t  b rin g in g  the c e l lu lo s e  in to  a r e a c t iv e  form 
and then carry in g  out a c e ty la t io n  using a heterogeneous 
method* The a c e ty la t io n  re a c t io n  is  la r g e ly  c o n tr o l le d  
by the ra te  o f d i f fu s io n  o f  reactan ts and c a ta ly s t  in to  the
( j 'i jinner part o f  the ce llu lo s e ^  7 * This was confirm ed
( 1 2 ) ( ' I 7))by Hess and Trogus^ ' J and Happyv from
thedc ob serva tion  o f  x -r a y  pattern  changes during a ce ty la t io n
o f c e l lu lo s e ,  where a f te r  an i n i t i a l  su rfa ce  e s t e r i f i c a t io n
th e  r e a c tio n  depends on th e  d i f f u s io n  o f  re a c ta n ts  and
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p h ysica l nature o f  the c e l lu lo s e  is  o f prime im portance
w ith regard to  the quadity  o f the end product® I f  the
c e l lu lo s e  i s  w e ll d r ied  p r io r  t o  a c e ty la t io n , to  remove
i t s  m oisture con ten t, the re s is ta n ce  o f the f ib r e s  to
( 1 +')a ce ty la t io n  is  g r e a t ly  in crea se d v J ®
C e llu lo se  a c e ta te , now one o f  the most w id e ly  known
organ ic e s te rs  o f  c e l lu lo s e ,  was f i r s t  prepared by
Schutzenberger^ in  1865 when he obta ined  i t  by
heating co tto n  in  a sea led  tube with a c e t ic  anhydride at
180°C® Franchimont^ in  1879 found that d i f fe r e n t
ca ta ly s ts  cou ld  be used to  improve the e s t e r i f i c a t io n
(17 )reaction®  M ile sv in  1905? showed that m ild a c id
h y d ro ly s is  o f  the norm ally produced product gave a c e l lu lo s e
a ce ta te  (secon dary  c e l lu lo s e  a ce ta te )  which although
in so lu b le  in  ch loro form , d isso lv e d  in  acetone® This
d iscov ery  le d  to  two c la s s e s  o f  c e l lu lo s e  a ceta te  , (a )
f u l l y  a ce ty la te d  or  primary a ce ta te  which i s  ch loroform
s o lu b le , (b )  p a r t ia l ly  a ce ty la ted  or secondary a ce ta te
which i s  acetone soluble®  The prim aiy c e l lu lo s e  a ce ta te
(th ree  g lu c o s id ic  hydroxyl groups being su b stitu ted  as
shown below ) con ta in s 62®49% combined a c e t ic  a c id  con ten t,
w hile the secondary a ce ta te  (two g lu c o s id ic  hydroxyls
groups being su b s t itu te d ) contains +8®80%®
C e llu lose  can be e s t e r i f i e d  l ik e  any oth er hydroxy
compound® The most common method and the s im p lest is  to
tr e a t  w ith a c e t ic  anhydride in  the presence o f  an a c id
(2 2  )c a t a ly s t ,  such as su lph u ric  a c id v J. Less fre q u e n tly  other
c a t a ly s t  in to  the in n er p a rts  o f the fib r e s®  Thus th e
c a ta ly s ts  such as p e r c h lo r ic  acid r  ^ and z in c  ch lo r id e  
(29*30) are use(^o Tiiis may he represented  by:
„  + 3 n AcOH n[ c 6H?02 (0H) 5 j n + 3 n Ac20 — ^ C g H ^ C -O -O -G H ^
0
where CgH^OgCOH)  ^J n represen ts c e l lu lo s e  made up o f  ’ n ' 
repeatin g  fi -g lucopyranose un its *
d FIjS.
During a c e ty la t io n /r e s u lt in g  c e l lu lo s e  t r ia c e ta te
Hw\
d iss o lv e s  con tin u ou sly  in  the a ce ty la t in g  m ixture ?/A is  c a lle d  
a "s o lu t io n  p rocess"  and the f in a l  product i s  an amorphous 
powder*
However, i f  an in e r t  so lven t such as ca r b o n -te tr a c h lo r id e ,
aieyl a c e t a t e ^ ^  , is op rop y l acetate^  benzene^2*9  ^ or
( 2 1 )p y r id in e v y i s  present in  the a ce ty la t in g  m ixture then the 
c e l lu lo s e  re ta in s  i t s  fib ro u s  s tru ctu re  and thr-s i s  c a l le d  
a heterogeneous process*
The la t t e r  method was used throughout the present work, 
to  prepare c e l lu lo s e  t r ia c e t a t e ,  having at le a s t  62% combined 
a c e t ic  a c id  con ten t, f o r  subsequent study in  s o lu t io n .
0M-
The acids alone do not e s t e r i f y  butAused to  promote 
e s t e r i f i c a t io n s *  C e llu lo se  re a cts  w ith  a cy l ch lo r id e s  or  
anhydride in  the presence o f  p y rid in e  or  oth er b a s ic  non- 
so lven ts  , as shown by S tan din ger^ ^  ^, which o fte n  
minimise concom itant h y d ro ly t ic  degradation* There are alsto 
some anhydrides which do not them selves e s t e r i f y  c e l lu lo s e  
but which w i l l  ’ a c c e le r a t e 1 e s t e r i f i c a t io n  by o th er a c id s ,  
such anhydrides are c h lo r o -a c e t ic  d escr ib ed  by Clark and 
Malm(3 2 ) and t r i - f l u o r o a c e t i c  by S ta cey (3 3 L  E s te r i f ic a t io n  
o fte n  proceeds more e a s i ly  in  the presence o f more p o la r
media l ik e  dimethylformamide as shown by B lum e^^®  There 
are a ls o  re fe ren ces  in  the l i t e r a t u r e  showing that ketene
w i l l  a ce ty la te  c e l lu lo s e ,  provided  the c e l lu lo s e  is  p rop erly
( 3 5 )  ( 3 6 )a c t i v a t e d a n d  su b stitu ted  ketenes have a ls o  been usedw  '  ®
( 3 7 )I t  has been re p o r te d w r '  that an unstable product 
i s  sometimes obtained  when su lph u ric  a c id  cebalyst i s  used , 
subsequent d is c o lo u r a t io n  o f  the product occu rrin g  when dri.ed 
at 110°Co In order to  ob ta in  a sta b le  product various 
s t a b i l is in g  treatm ents such as washing w ith  2% sodium sulphate 
so lu t io n  at about 80°C^®^ or treatm ent w ith  e th y l acetate^
(ILQ ) (h.-  ^ )methyl acetate^ and o rg a n o -tin  compoundsv '  have been
employed, w hereas^stable product is  obta ined  when p e r ch lo r ic  
a c id  o r  z in c  ch lo r id e  i s  used as a catalyst®
D ilu te  s o lu t io n s  o f  c e l lu lo s e  t r ia c e t a t e  or other 
polymers w i l l  be understood to  mean so lu t io n s  o f  con cen tra tion s  
s u f f i c i e n t ly  low to  avoid  aggregation® The s in g le  macro­
m olecu les are th e re fo re  k in e t ic a l ly  fr e e  units® These are 
true so lu t io n s  and they are therm odynam ically s ta b le  systems® 
D ilu te  so lu t io n s  o f  high m olecu lar compounds may be con sid ered  
as systems co n s is t in g  o f  c o i le d  m acrom olecules moving 
f r e e ly  through the pure solvent® The c o i l in g  o f  m acrom olecules 
in  so lu t io n s  i s  a ty p ic a l  p rop erty  o f  l in e a r  chain  m olecu lar 
substances caused by the lon g  len gth  and f l e x i b i l i t y  o f  
the m acrom olecules. The dimensions o f  the m olecular c o i l  
w i l l  depend on the s iz e  and len gth  o f  the molecule® The 
f l e x i b i l i t y  o f  a sh ort m olecu le i s  lim ite d  by the va lency  
angles o f  the bonds and, ^or th is  reason , sh ort  m acromolecules 
may be con sidered  as extended ro d s , which are almost r ig id .
~ 6 -
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With in crea sin g  m olecu lar w eight, the chain  f l e x i b i l i t y  
in cre a se s , and the m olecule becomes c o i le d  and forms a 
m obile c o i l  in  the d i lu t e  so lu tion *  This c o i l  in  the 
beginning is  permeable to  the so lv e n t, but subsequently  
the so lv en t no lon ger  passes free ly*th rou gh  the c o i l  due 
to  s o lv a t io n  and i t  may be regarded to  a varying exten t as 
a continuous p a r t ic le  immersed in  the solven t*  The 
dimensions o f  the c o i l s  are a f fe c te d  to  a g rea ter  extent 
by thermodynamic in te r a c t io n  with the so lven t*
In the case o f  therm odynam ically "good” so lven t there 
are a la rg e  number o f  s o lv a t io n  con ta cts  between the 
m olecules o f  the polymer and the s o lv e n t ; the polymer 
m olecule thus becomes fu r th e r  extended* The con ta cts  
between polymer and so lv en t in  a "poor so lv e n t"  are 
therm odynam ically le s s  favoured and the polymer c o i l  becomes 
more compact* C on ven tion a lly , the s iz e  o f  the polymer 
chain is  expressed by the d ista n ce  r  between the chain 
ends* When i t  i s  f u l l y  s tre tch ed , th is  d ista n ce  r  w i l l  
represent the t o t a l  len gth  o f  the m acromolecule or I t s  
maximum chain length* S ince the m olecu lar chain j s  more or 
le s s  c o i le d ,  the two chain  ends are at a d ista n ce  which is  
le s s  than the t o t a l  len gth  o f the chain* In tne case o f  
a s t a t i s t i c a l l y  random c o i l ,  the p r o b a b il ity  o f  th is  
d istan ce  i s  g iven  by the Gauss fu n ction * The average 
dimension r  o f the ch a in , i s  given bv the scmare roo t
o f  the mean square d is ta n c e  between
r o o t  o f  the mean square hydrodynamic radius (o r  g yra tion
I “'p'
r a d iu s ) , s * This average gyra tion  r a d iu s , /s  , and mean 
d ista n ce  betxveen the chain  ends, f r  , f o r  a Gaussian 
c o i l  are re la te d  by the fo llo w in g  ex p ress ion :
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The s iz e  o f th e  c o i l  may a ls o  be d efin ed  by th e  square
The mean square value o f  r  and s may be determined 
experim entally  from the angular asymmetry o f  l i g h t  
s ca tte r in g  or the hydrod2rnamic p rop ertie s  o f the m olecule* 
The study o f  the shape and s ize  o f variou s c e l lu lo s e  
d eriv a tion s  in  s o lu t io n  has shown them to  be r e la t iv e ly  
r ig id ,  and in  general to  have an extended co n fig u ra tio n  
at about 60,000 m olecu lar weight* Myunster and Diner
estim ated the r o o t  mean square d ista n ce  between the 
chain ends o f  n i t r o c e l lu lo s e  m olecules in  acetone and in  
nitrobenzene* S ta in  and Dotyv ^ '  determined the 
average d ista n ce  between chain  ends o f o o l lu lo s e  a ceta te  in  
aceton e , by using a l ig h t  sca tte r in g  tech n iqu e , and 
compared th is  va lu e  w ith the thecretica l one f o r  a randomly 
c o i le d  sphere and r ig id  rod  re s p e c tiv e ly *  They found the 
experim enta lly  determ ined len gth  to  be sh orter  than the 
len gth  o f the f u l l y  stre tch ed  m olecules a t m oderately high 
m olecular w eigh ts, whereas f o r  m olecu lar w eights below  
80,000 th is  value corresponded to the s tre tch ed -ou t or 
t o ta l  len g th , w ith in  experim ental error* They a lso  showed 
that even f o r  t h e ir  h igh est m olecu lar iveight o f  16 3 , 000, 
the dris ta -nee between the t o t a l  len gth  and the mean end to 
end v a lu e , j r  , was not very  great* This c le a r ly  shows
-  9 -
that the c e l lu lo s e  a ce ta te  macjfiromolecules are f a i r l y  
r ig id  in  solution®
The v is c o s i t y  o f a polymer s o lu t io n  is  a fu n ction  
o f the s iz e  and shape o f  the d isso lv ed  macromolecules® 
F lory  and Fox^2^ , Kirkwood and R isem a n ^ ^  and oth ers 
showed t h e o r e t ic a l ly  th a t , fo r  impermeable c o i l s ,  the 
e f fe c t iv e  hydrodynamic volume o f  the m olecu le in  s o lu t io n  
d iv id ed  by i t s  m olecu lar w eight is  p rop ortion a l
“ p
to  the th ird  power o f  the mean lin e a r  dim ension, r  , o f 
a randomly c o i le d  molecule® The re la t io n s h ip  between the 
lim it in g  v is c o s i t y  number and the hydrodynamic volume o f 
the m olecu le is  then g i v e n *
h i ( 1 . 2 )
where l*i I = l im it in g  v is c o s i t y  number
0 = u n iv ersa l constant ( 2®1 (~ 0®2 ) x  10^ )
M «  m olecu lar weight
I t  is  thus p o s s ib le  to  determine the dimensions o f
c e l lu lo s e  d er iv a tion s  in  s o lu t io n  from v is c o s i t y
measurements® Such a method can be u se fu l on ly  i f  the
m olecu lar weight o f  the polymer i s  h igh , so th at a randomly
c o i le d  m olecule appears in  solution®  Such c o i l in g  may a lso
take p la ce  in  a "poor" s o lv e n t , where so lv a t io n  lin k ages
between the m acrom olecules and so Lent are very  few®
On the other hand, measurement o f  the v i s c o s i t y ,
a p roperty  d i r e c t ly  connected w ith the s iz e  o f  the m olecule
prov ides a very sim ple method o f estim ating the m olecu lar
weight o f  polym eric substances in  so lu tion *  I t  is  
customary p ra c t ic e  to  r e la t e  the m olecular w eight o f  a 
polymer in  s o lu t io n  to  i t s  v is c o s i t y  by means o f a sim ple 
em pirica l equation* In order to  d escr ib e  the v is c o s i t y  
o f  s o lu t io n s , con sid er  the flow  o f  a - l iq u id  as a d is p la c e ­
ment o f  i t s  in d iv id u a l la y e rs  r e la t iv e  to each o th er , 
where the v is c o s i t y  |^| may be defin ed  as the resistance 
to  th is  displacem ent* This R elation sh ip  i s  expressed 
m athem atically as the fo r c e  P per u n it area o f  the 
moving la y e r  (A ) , which Ls requ ired  to  m aintain a u n it 
v e lo c i t y  grad ien t o f  m otion dv /dx  between two p a r a lle l  
la y e r s ? which m aintain a constant d ista n ce  dx from each 
other during the m otion:
I  -  V  A. H  (1 .3 )
The absolu te  u n it o f  v is c o s i t y  has the dimensions 
~1  - Igo sec * cm * and i s  u su a lly  represented in  p o ises  or
cen tip o ises*  The v is c o s i t y  o f  water a t 20°G is  about 0*01
p o ise  or 1 cen tip o ise*
The v is c o s i t y  o f  a polymer s o lu t io n  i s  u su a lly
determined by comparing the time o f  e f f lu x  o f  s o lu t io n  ( t )
w ith the time o f  e f f lu x  o f  the pure so lven t ( t  )* As a0
r e s u lt  o f  these measurements, various mathematical 
expression s in v o lv in g  t ,  t  , and con cen tra tion  o f  s o lu t io n  
c may be obtained* The ta b le  below l i s t s  the v is c o s i t y  
term s, which are s t i l l  in  use*
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V is c o s i t y  Terms
Old Name New Name D efin ing Expression
R ela tiv e  v is c o s i t y V is c o s ity  r a t io ,  ^  
’ s o lu t io n  
I so lv e n t  1
t
e l ^tQ
S p e c i f ic  v is c o s i t y - j T  % )sp 'r e l
Reduced v is c o s i t y V is c o s ity  number ^  red^^P '
Logarithm ic reduced 
v is c o s i t y
Logarithm ic v is c o s i t y  ^ n ^rel^ 
number lo g
I n t r in s ic  v is c o s i t y L im iting v is c o s i t y  
number 4|] = $ £ 2 .)  x U c=o
€ c=o
I t  i s  usual to express the con cen tra tion  o f  polymer 
so lu t io n s  in  g .p e r  dl® o f  solution®  The general 
re la t io n sh ip  between the v is c o s i t y  o f a s o lu t io n  and i t s  
m olecu lar weight was f i r s t  form ulated by S ta u d in g e r ^ ^  
as fo llo w s :
-  V M
( I . ^ )
I t  can be used f o r  an approximate estim ation  o f  the m ole­
cu la r  weight o f polymers® In many ca ses , i t  was found that 
S tau d in ger 's  ru le  proved inadequate, s in ce  i t  had been 
deduced f o r  r ig id  r o d - l ik e  m olecu les, which seldom e x is t  
in  actu a l fact® A ccord ing to  the Standinger equation , 
the s p e c i f i c  v i s c o s i t y  i s  a lin e a r  fu n ction  o f  the
con cen tra tion  f o r  a g iven  polym er, and the reduced 
v is c o s i t y  ^ p / c is  independent o f con cen tration * I t  
was shown, however, hy Ifra em er^ ^  and Huggins from
a la rg e  number o f  experim ental r e s u lt s ,  th at even in  v ery  
d i lu te  so lu t io n s  the s p e c i f i c  v is c o s it y  v a r ie s  w ith the 
con cen tra tion , c ,  o f  the polymer accord in g  to  the equation;
-  1 2  -
= Ac + Be2 ( I » 5 )
s p
I f  we p lo t  experim ental values o f  ^ Sp / C 2 or  d ilu te  so lu t io n s  
o f  c e l lu lo s e  d e r iv a t io n s  aga in st con cen tra tion  o f  the 
s o lu t io n , the r e s u lt in g  p lo t  w i l l  be a s tra ig h t  l in e  o f  
s lop e  B and o f  irlercept A* Equation ()*&) may be w ritten  
accord ing  to  H u g g i n s a s :
+ k ’ -  - 2[ % r  • °
In th is  equation J i s  the lim it in g  v is c o s i t y  number
^ ^ p /c^ c= 0 ’ an(1 vabue o f  k is  approxim ately coisbant,
being c h a r a c te r is t ic  f o r  a p a r t icu la r  po lym er-solven t 
system and n ot dependant on the m olecular- weight o f  the
f
polymer* The meaning o f  the constant k i s  s t i l l  under 
d ispute* Many authors s t i l l  con sider that i t s  d e f in it io n  
as an " in te r a c t io n  con stan t" i s  n ot s u f f i c ie n t ,  as 
evidenced in  p a r t ic u la r  by the fa c t  that i t  i s  not always 
constant *
i
In the case where the value o f  k is  not known, fl/sp/o  
may be determined at variou s con cen tra tion s and a s tra ig h t 
l in e  drawn which expresses the v a r ia t io n  o f  the reduced 
v is c o s i t y  w ith con cen tra tion *  The value o f Ifejp may then be
-  13 -
found by e x tra p o la tion  back to  zero con cen tration * The 
l im it in g  v is c o s i t y  number i s  re la te d  to  the degree o f 
p o ly m erisa tion  o f  c e l lu lo s e  d e r iv a t iv e s , e*g* w ith i t s  
m olectilar w eight, as p re v io u s ly  mentioned*
[n ]=  Km M ( 1 . 7 )
Por in f in i t e l y  d i lu t e  s o lu t io n s , th is  equation i s
id e n t ic a l  w ith  the Staud.inger equation* I t  i s  a p p lica b le
to  c e l lu lo s e  and i t s  d e r iv a t iv e s  in  the range o f  low
m olecular weights* This equation may be deduced from
th e o r e t ic a l  con s id era tion s  f o r  c o i le d  m olecules which
are f r e e ly  traversed  by the solvent* I f  the chain  len gth
in cre a se s , the re s is ta n ce  to  movement o f  so lv en t m olecu les
in s id e  the c o i l  and in te r fe re n ce  w ith the fr e e  flow
decreases the re s is ta n ce  to  f lo w , as a r e s u lt  o f  which
the l in e a r i t y  between the v is c o s i t y  and the m olecular
weight i s  impaired* I t  has been shown th at the Staudinger
%
equation i s  o f  l im ite d  v a l id i t y ,  and a more general 
equation to  suit: the experim ental data has been> proposed 
by M a rk ^ ^  and Houwink^0 \  This re la tion sh ip /k n ow n  as 
the Mark-Houwink e q u a t io n ,/is  given by:
h ]  = K M  ( 1 . 8 )
where K and eft are constants f o r  the po lym er-solven t 
system at a constant tem perature and M is  id e a l ly  the 
m olecular weight o f a homogeneous polymer*
The m olecu lar w eight o f  a polymer may be determined 
by a number o f  methods* Those most commonly used f o r  
polymer so lu tion s  are (a )  v is c o s i t y  measurements,
-  14  -
Cb) osm otic pressu re measurements and ( c )  measurements 
o f  l ig h t  s ca tte red  by polymer m olecules* The u l t r a ­
ce n tr ifu g e  method f o r  determ ining m olecu lar weight i s  
g en era lly  not adopted due to  the high co s t  o f  the apparatus 
and a u x ilia ry  equipment* A polymer sample i s  heterogeneous 
w ith re sp ect  to  m olecu lar w eight, so th at i t  can on ly  
be ch a racter ised  by an average m olecu lar w eight which does 
not in d ica te  i t s  degree o f  h eterogen eity*  M olecular weight 
can be expressed in  two ways, in  terms o f  a number-average 
or  a w eight-average m olecu lar weight* Osmotic pressaire 
measurements g ive  d i r e c t ly  the number-average m olecu lar 
w eigh t, which may a lso  be obtained from v is c o s i t y  measure­
ments a f t e r  su ita b le  ca lib ra t io n *  The w eight-average 
m olecu lar weight can be determined from l ig h t  s c a tte r in g  
measurements* The values o f  M^  and Wf f o r  a g iven  polymer 
depend on i t s  h e te rog en e ity  and f o r  sharp fr a c t io n s  of 
narrow m olecu lar w eight range, the r a t io  o f  i s
n ea rly  unity* For u n fra ction a ted  polymers MH >  M  ^ and 
the value o f  M”/M j is  a u se fu l in d ic a t io n  o f  the degree o f 
polymer h eterogen eity*
The te ch n o lo g ica l importance o f polymer degradation
4l i e s  in  the d e te r io r a t io n * te n s ile  p ro p e rt ie s  o f the polymer
during processin g  or in  the end product* I t  i s  o f  course
d e s ira b le  to  know the mechanism o f degradation  f o r  one
polymer and to  be ab le  to  compare the degradation  o f  other
polymers* In order t o  d is co v e r  the degradation  mechanism,
both the chem ical re a c t io n  ra te  and the way in  which the
p h y s ica l stru ctu re  o f the polymer in flu en ces  the ra te  are 
Read Mn as Mn throughout
re a c t io n  to  lo o k  at because i t  is  one o f the most w idely
stu d ied  o f  a l l  polymer degradation s, and the p r in c ip le s
o f  the methods developed f o r  a ttack in g  the problem can
be app lied  to  c e l lu lo s e  d e r iv a t iv e s  in clu d in g  c e l lu lo s e
tria ceta te®  In the course o f  h y d ro lys is  o f  c e l lu lo s e ,
there is  a decrease in  m olecu lar weght and in  t e n s i le
stren gth , but in  the e a r ly  stages no a p p recia b le  amount o f
monomer i s  produced® This ob serva tion  le d  Freudenberg 
( 5 1 )and Kuhnw  J to  suggest th at ch em ica lly , the process was on£
o f  random chain sc iss ion ®
The chem ical decom position  o f m acrom olecules has
ra ised  con sid era b le  in te r e s t  during the la s t  few years®
I t  has been p o s s ib le ,  in  a number o f  ca ses , to  work out a
com plete re a c t io n  scheme f o r  the chemical or thermal
decom position  o f  polymer m olecu les which in clu d e  qu ite  a
number o f  s te p s , each o f  which was ch a ra cte r ised  by an
a c t iv a t io n  energy and a frequ en cy  constant or  co llis io n  
( 5 2 )numberw  / ® In p a r t ic u la r , the degradation  o f  long chain 
m olecules has been con sid ered  and the breaking o f  c e r ta in  
lin k ages in  them has teen  fo llow ed  by 4h :.o r c t ic a t c o n s id e r c .t io i .  
by P olanyi and S ign or
When con sid erin g  lon g  chain  m olecu les, a m olecu lar 
treatm ent i s  very  com plicated  and would seem to  have l i t t l e  
chance o f  success® On the oth er hand, a s t a t i s t i c a l  
procedure may be s u c c e s s fu l ly  app lied  in  such ca ses , 
prov ided  ce r ta in  con d it io n s  prevail®
( gZL)Many years ago, Hopf f , Mayer and Markv ^  J showed that
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required® The h y d r o ly s is  o f  c e l lu lo s e  i s  a u s e fu l
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a good approxim ation hy assuming that a l l  h ydro lysab le  bonds
in  the lon g  chain m olecu les are broken at approxim ately
the same ra te , and hence the ov e ra ll extent o f  degradation
can be ca lcu la ted  by a com paratively  sim ple equation*
A d e ta ile d  treatm ent o f  t h is  problem was g iven  by
(  5 5  )Freudenberg and Kuhnw ^ y who stu d ied  the degradation  o f  
c e l lu lo s e  and c e l lu lo s e  d e r iv a t iv e s  under various 
con d ition s  and compared th e ir  r e s u lts  very  c a r e fu l ly  w ith 
a number o f  r e la t io n s  which Kuhn had obta ined  from 
s t a t i s t i c a l  con sid era tion s*  They found th at the b est 
agreement w ith experiment was obta ined , by assuming that 
a l l  the lin k ages o f  a lon g  chain m olecu le are opened 
accord in g  to  the same ra te  con stan t, except f o r  a few at 
the ends o f  the chain*
F lory^p^  then took  up again the problem o f  the 
s t a t i s t i c a l  treatm ent o f  degradation  r e a c t io n s , and 
compared h is  expression  w ith the experim ental r e s u lts  o f 
polycon densation  processes*
A prominent fea tu re  o f  P lo r y ’ s treatm ent was the fa c t  
that i f  one s ta r ts  degradation  w ith an entirety homogeneous 
m a teria l, f o r  example N ch a in s, each having n lin k a g e s , 
one i n i t i a l l y  has a p e r fe c t ly  sharp d is t r ib u t io n  curve 
o f  the s ta r t in g  m ateria l*  An equ a lly  sharp d is t r ib u t io n  
curve i s  obtained at the end o f the p ro ce ss , when a l l  the 
i n i t i a l  m aterial is  degraded down toN(n + 1 ) id e n t ic a l  
monomeric un its* Howver, in  the in term ediate stage one 
has a mixture o f chains w ith  qu ite  d i f fe r e n t  len g th s ; 
thus one passes from a homogeneous s ta r t in g  m ateria l through
th e  h y d r o ly tic  d eg ra d a tio n  o f s ta rch  can he fo llo w e d  to
a wide range o f  m ixtures, to  f in a l ly  reach a homogeneous 
end-product * This i s  analogous to  a m u lti-s ta ge  
degradation  (decom position ) re a c t io n  o f  a low m olecu lar 
weight substance, where a great number o f  in term ediate 
m olecu les, r a d ic a ls ,  io n s , and atoms may be formed and 
can be found on a n a ly s is  o f  the re a c t io n  m ixture a t any 
given time*
In order to  ob ta in  some knowledge o f  the behaviour
o f lon g  chain m olecu lar substances during degradation ,
a programme o f  research  was sta rted  in  1935 nt the 1 st
Chemical U n iversity  o f  Vienna* The aim was first to
prepare homogeneous s ta r t in g  m ateria ls fo r  degradation
p ro ce sse s , which was v ir t u a l ly  done by polym erising
the monomer under s u ita b le  con d ition s*  These polymers
were then depolym erised therm ally  and the extent o f
(decom position  s tu d ie d w ( J *
For a th e o r e t ic a l  in te rp re ta t io n  o f  these experim ental
( 6 2 )  ( s f Are s u lts  one must r e ly  on the equation o f  Kuhn and F lo r y w  ; . 
This r e la t io n s h ip , however, i s  based on the assumption 
that the orig in a l chain len gth  was in f in i t e  which 
c e r ta in ly  does not hold  in  actu a l p ra ct ice *  However, i f  
a tte n tio n  i s  con fin ed  to  con d ition s  at the end o f  the 
degradation  process and to  th e  d is tr ib u t io n  c f  very  low 
m olecu lar wdght which are produced during the p ro ce ss , 
one may proceed w ithout knowing the o r ig in a l chain length*
I f  from the extent o f  degradation  r e l ia b le  in form ation  
regarding the amount o f  lon g er  chains present i s  requ ired  
during the i n i t i a l  s ta g es , one has s t i l l  to  know the 
len gth  o f  the o r ig in a l chain*
-  1 ?  -
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An improvement in  the th e o r e t ic a l  treatm ent o f
(cz n \
polym eric degradation  was in troduced  by* Simhaw r , who 
d erived  an expression  which appeared to  be s a t is fa c t o r y  
throughout the whole degradation  process* Staudinger 
and h is  co-w orkers have ca rr ie d  out exten sive work on the 
degradation  o f p o ly s ty re n e , the most im portant and exten­
s iv e  in v e s t ig a t io n  being  made by Btaudinger and S te in h o fer  
These authors stu d ied  the thermal degradation  o f  
polystyren e  and d i s t i l l e d  o f f  the products* They showed 
that the C-C chain lin k ages were broken and the hydrogen 
on the -carbon  atom m igrated to  another carbon atom* 
Staudinger thus concluded from h is degradation  p ro d u cts , 
that p o lystyren e  had a kead to  t a i l  structure*
There are two general techniques f o r  measuring the 
ra te  o f  degradation  o f  c e l lu lo s e  and i t s  d e r iv a tiv es*
The procedure most commonly used i s  to  measure the chain
breaking by i t s  e f f e c t  on the so lu t io n  v is c o s i t y  o f  the
( 5 9  )polymer* The p r o c e d u r e i s  based on a measurement o f  
the in crea se  in  the number o f end--groups produced by 
the chain s c is s io n *  Both techniques d i f f e r  fundam entally 
in  that v is c o s i t y  measurements are a fu n ctio n  o f the weight 
o f  the chains and depend upon the va? id i t y  o f  the Mark- 
Houwink re la t io n s h ip  between v is c o s it y  and m olecu lar 
weight f o r  their in te rp re ta t io n *  Whereas end group 
estim ation  ( up to  20,000 m olecular w eight) g iv es  a 
d ir e c t  measure o f  the number o f  chains p resen t, and thus 
is  capable o f  independent k in e t ic  evaluation*
The v iso c sity  method f o r  m easuring th e heterogeneous
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h y d ro ly s is  o f  c e l lu lo s e  and o f  starch  in  so lu t io n  was
f i r s t  used by Meyer, H opff and M ark^9 \  The homogeneous
degradation  o f  c e l lu lo s e  in  s o lu t io n  was a ls o  stud ied
(61-65)by Freundenberg and co-workers^ * This p ion eerin g
work esta b lish e d  two genera l prin cip les®  The a c t iv a t io n
energy o f  the s c is s io n  process was shorn to  be
approxim ately 28 k c a l per m ole, compatible to . f o r  re a c t io n s
in v o lv in g  normal cova len t bonds, and the ra te  o f  bond
cleavage was shown to  be a fu n ction  of the p o s it io n  o f  the
bond r e la t iv e  to  the ends o f  the c e l lu lo s e  molecule®
(62 64-)Kulmv ’ '  made the i n i t i a l  attempt to  p re d ic t  the
m olecular d is t r ib u t io n  o f  the degraded polymer from an 
a n a lys is  o f  the re a c t io n  k inetics®  This p relim in ary  work 
has been g re a t ly  extended by Mark and R aff ( ^ ^  5 S im ha^^”
R a f f ^ 9 \  J e ll in e k ^ ^  \  S chu lz ' " 9 Sakurada and
(73) (74)Okamuraw , M on tro llw J and more r e c e n t ly , by Beal and
(75)Jorgensenv ' ®
The above c it e d  p u b lica t io n s  have been reviewed by
Beal and Jorgensen, and the various approaches can be
l i s t e d  as fo llo w s :
(1 )  Degradation o f  chains o f in f in i t e  len g th , 
a l l  bonds s p l i t  w ith  the same probab ility®
(2 ) Degradation o f  chains o f f i n i t e  uniform  le n g th , 
a l l  bonds s p l i t  w ith  the same probab ility®
(3 ) Degradation o f  chains with f i n i t e  but variou s 
len g th s , a l l  bonds s p l i t  w ith the same p robab ility®
(4 )  Degradation o f chains o f  f i n i t e  but various 
lengths when a l l  bonds s p l i t  w ith d i f fe r e n t  
p r o b a b i l i t ie s ,  reg a rd less  o f  th e ir  p o s it io n
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The la t t e r  i s  a more genera l case developed by 
and E a ff1-70^.
Most in v e s t ig a to r s (7 6 -8 0 ) accep.j. -t;>ie con clu s ion  o f  
Freundenberg that th e  g lu co s id e  link ages in  n a tive  
c e l lu lo s e  are a l ik e ,  but sev era l have in te rp re te d  th e  
re s u lts  as in d ic a t in g  the presence o f a few bonds which 
are more e a s i ly  b r o k e n ^ ”^ 87)^ However, many stru ctu ra l 
changes such as con vers ion  o f  a hydroxyl to  carbonyl or 
c a r b o x y l o r  opening o f  the pyranose r i n g ^ " ^ , 
f a c i l i t a t e  g lu c o s id ic  c le a v a g e ^ ° \  These are so e a s i ly  
in troduced  during p u r i f ic a t io n  o f  tlie c e l lu lo s e ,  that 
the idea  o f a s t r i c t l y  uniform  n ative c e l lu lo s e  seems 
en tire ly^ com p atib le  w ith the fa c t  that the reg en era tion  
o f  c e l lu lo s e ,  w ithout chem ical trotm ent, in crea ses  i t s  
r e a c t iv i t y  in  a c id ic  r e a c t io n s ^ 4^0 Although the g lu co s id e  
lin k ages are a l ik e ,  in  th is  case the m olecu lar arrangement 
o f  the c e l lu lo s e  f ib r e s  is  a lso  a lte r e d , w ith  the 
d e s tru ctio n  o f  c r y s t a l l in e  regions*
A number o f  q u a n tit ie s  can be measured during 
degradation  o f which the fo llo w in g  are fundamental:
( 1 ) the w eight-average m olecular w eight;
( 2 ) the number-average m olecular w eight;
( 3 ) the w eigh t- and number-average d is t r ib u t io n s ;
(4 )  the lo s s  o f  weight o f  the polymer o r  the
amounts o f  monomer (d im er, e t c * )  formed during 
degradation*
Both the w eight-average and number-average m olecu lar 
weight can be e a s i ly  determ ined by v iscom etr ic  measurements,
w ith in  th e m olecu le*
but i t  should be noted th at the num erical r e la t io n s h ip  
between the l im it in g  v is c o s i t y  number o f a d e f in it e  
polymer sample and i t s  m olecu lar weight must be known*
The Staudinger r u le ,  which has been used so w id e ly , 
represen ts a very  good approxim ation in  many cases and is  
o fte n  u se fu l in  b rin g in g  out the p r in c ip a l fea tu res  o f 
the degradation  process*
While the number-average m olecu lar weight can be 
ob ta in ed  d i r e c t ly  from osm otic pressure measurements, th is  
method is  not conven ient in  the present degradation  
s tu d ie s , owing t o  the time taken to  reach  osm otic 
equ ilibriu m  and the n e c e s s ity  o f  is o la t in g  s o l id  polymer 
samples from the re a c t io n  so lu tion *
For the same reasons the assessment o f  m olecu lar 
w eight d is tr ib u t io n s  during the degradation  p rocess  is  
a ls o  not practicable *
The v is c o s i t y  method has been used f o r  the continuous 
study o f  the degradation  o f  c e l lu lo s e  t r ia c e t a t e  in  
s o lu t io n  in  the present work, where the more exact 
Mark-Houwink r e la t io n s h ip  waa employed*
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C H A P T E R  I I  
PREPARATION OP CELLULOSE TRIACETATE
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An im portant fa c t o r  f o r  in crea sin g  the r e a c t iv it y  
and sw e llin g  o f c e l lu lo s e  is  the treatm ent with g la c ia l  
a c e t ic  a cid  p r io r  to  a ce ty la tio n *  This enables a c e ty la t io n  
to  take p lace  more r e a d ily  and so as to g iv e  a com pletely  
a ce ty la ted  product* The importance o f sw ellin g  may a ls o  
be observed from i t s  a c ce le ra t io n  o f  the a ce ty la t io n  o f 
c e l lu l o s e * Thus the a c e ty la t io n  o f c e l lu lo s e  con ta in in g  
small amounts o f h ygroscop ic  m oisture, proceeds more e a s i ly  
than the d ried  m a ter ia l, due to  the sw ollen  s ta te  o f  the
f ib r e s  ^ 2 ) o
C e llu lose  can a ls o  be a ct iv a te d  w ith  a c e t ic  anhydride 
con ta in in g  a sm all amount o f  z in c ch lo r id e  at an e levated  
temperature (6 0 °C ), a rap id  a c t iv a t io n  cou ld  be a tta in e d , 
making i t  easy fo r  the a c e t ic  anhydride to  pen etrate  
in to  the porous system o f  th e  c e llu lo s e *  Eng e l man 
observed the sw e llin g  o f co tto n  c e l lu lo s e  f ib r e s  under 
the m icroscope im m ediately b e fo re  th e ir  d is s o lu t io n  in  the 
a ce ty la t in g  mixture* The a ce ty la t io n  o f  untreated 
f ib r e s  proceeded s low ly  and after, about an hour i t  was 
p o s s ib le  to  observe lo n g itu d in a l cleavage o f  f ib r e s  in to  
f i b r i l  bundles or “ sp in d le s"*  Evn a f t e r  a lon g  tim e, the 
d is s o lu t io n  o f these was n ot complete*
A ct iv a tio n  ca rr ie d  out with a c e t ic  a c id  to  which 
a small amount o f  water had been added to  enhance the 
sw e llin g , would even be more e f f i c ie n t *  But the 
u n desirab le  subsequent s id e -r e a c t io n  between a c e t ic  anhy­
d rid e  and water formed during a ce ty la t io n  is  then 
in te n s i f ie d  and f o r  th is ^ a c e t ic  a c id w  J a lone was u su a lly
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requ ired  should he such as to  g iv e  not le s s  than 70- 80%
a c e t ic  a cid  when mixed w ith the c e l lu lo s e  con ta in in g
h y g roscop ic  m oisture* The e f fe c t iv e n e s s  o f  the d u ra tion
and temperature of t h is  treatm ent depends on the  v is  co s it :"
and r e a c t iv i t y  o f  the c e l lu lo s e ,  hut a c t iv a t io n  tem peratures
are seldom higher than 50°0  in  order to  avoid  the lo s s
o f  acetic a c id  hy evaporation* In the present work, co tto n
c e l lu lo s e  w ith about 50 times i&s weight o f  g la c ia l  a c e t ic  ecid
w&vs ’trea ted  at room tem perature (20 * 5° 0) f o r  72 hours*
G la c ia l a c e t ic  a cid  on ly  rea cts  w ith c e l lu lo s e
very  s lo w ly , and th e re fo re  cannot be used as the e s t e r i f y -
ing  agent* Heating c e l lu lo s e  with g la c ia l  a c e t ic  a c id
f o r  about 500 hours f a i l e d  to  produce an e s te r  con ta in in g
more than 6*2% a c e ty l co n te n t, which corresponds to
one su b stitu ted  hydroxyl per fo u r  O^ H.-.qO^  groups
T herefore celliL ose i s  u su a lly  a ce ty la ted  using a c e t ic
anhydride in  the p i'esence o f  van a c id  c a ta ly s t  (p e r c h lo r ic
or su lp h u ric  a c id ) ,  which a c ce le ra te s  the rea ction *
G la c ia l a c e t ic  a c id  i s  o fte n  used, in  the a c e ty la t io n
m ixture as a d ilu e n t  and a ls o  serves to  ^m itigate the
temperature r i s e  at the  beginning o f  the p rocess*  Howard 
( 3 7 )and Parikhr^( '  observed th a t the ex c lu s ion  o f  a c e t ic  a c id  
from the a ce ty l eat; ion  m ixture re su lte d  in  con sid era b le  
degradation  o f  the product*
The use o f  a c e t ic  anhydride a lon e , w ithout c a t a ly s t ,  
f a i l e d  to  produce any a c e ty la t io n  o f  c e l lu lo s e ,  and 
a lso  substances which promoted the r e a c t io n  between
used in  p r a c t ic e * The amount o f  g la c i a l  a c e t ic  a cid
c e l lu lo s e  and a c e t ic  anhydride are able to  produce
sw e llin g , and a p a r t ia l  h y d ro ly s is  (d egrad ation ) o f
(96)c e l lu lo s e ,  has been reported  by Sproxtonw  J« Under
such con d ition s the in te rn a l su rfa ce  o f  the f ib r e s  i s
developed and a c c e s s ib i l i t y  to  the a ce ty la t in g  agent
is  impioredo The use o f  z in c  ch lo r id e  as ca ta ly s t  not
on ly  promotes sw e llin g , but f a c i l i t a t e s  the h y d ro ly s is
(degradation ) o f  c e l lu lo s e  f ib r e s  and in crea ses  the
ra te  o f  acetylation ®
The use o f  ca ta ly s ts  i s  in d ispensable  even when the
a c e ty la t io n  is  ca rr ie d  out w i)h  c e l lu lo s e  a lready
sw ollen  in  su ita b le  media® These c a ta ly s ts  in clu d e  a
la rg e  number o f  a cid s or easily hydrolysable  a cid  s a lt s
(97-101)
such as NaHSO ,^ SbCl^? A lC l^ , CuSO^, FeC l^, SnGl^' etc®
The re a c t io n  o f th ese  c a t ly s ts  alone with c e l lu lo s e ® ? ) '
leads to  mild h y d ro ly s is  o f  the f ib r e s  and th e ir
subsequent swelling® S a lts  such as lith iu m  c h lo r id e ,
which have a n eu tra l r e a c t io n , are however qu ite
un su itab le  as a ce ty la t in g  catalysts®  The a c t io n  o f  s a l t s ,
as ca ta ly s ts  a lso  has another aspect® A ocording to  
(102)Meyerweinv '  many s a lt s  suggested as a cce le ra to rs
f o r  a ce ty la t io n  form stro n g ly  a c id ic  complexes w ith a c e t ic
a c id , such as J^Znc^ OOOOH j^ H® For th is  reason the
a c t io n  o f  these s a l t s ,  during the a ce ty la t io n  o f  ce lliL ose ,
is  very  s im ila r  to  that o f  strong mineral acids® Frey 
( 1 0 3  )and Elod^ confirm ed the form ation  o f  complex 
m olecu lar compounds o f z in c  ch lo r id e  w ith oth er a c id s , 
f o r  example form ic a c id  and h y d roch loric  acid® Kruger
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and Tischer^ 10Z|*^  stu d ied  the a ce ty la t io n  in  the presence 
o f  p e r c h lo r ic  acid  c a t a ly s t ,  which takes p la ce  very  
v ig o ro u s ly  even at low tem peratures* The a ce ta te  
obtained i s  con s id era b ly  degraded and th e re fo re  th is  
c a ta ly s t  i s  un su itab le  f o r  the preparation  o f a lo n g  chain 
c e l lu lo s e  t r ia c e ta te *  A su lph uric a c id  c a ta ly s t  a ls o  
produces degradation  o f  the product during a c e ty la t io n  
and, furtherm ore, the product i s  le s s  s ta b le  towards 
heat*
(••'OS 9Some work has been reported^ 1 J '  d escr ib in g  the 
r e a c t io n  between a c e ty l ch lo r id e  and toluen e and 
comparing the relative e f f i c i e n c ie s  o f  a number o f ca ta ly s ts*  
In in crea sin g  order o f  e f fe c t iv e n e s s ,  the ca ta ly s ts  were: 
Zncl^ ^ B ie l^  <^Tecl^ <^Sncl^ ^ T e c l2 ^ F ecl^  ^Sbcl^  ^ A lc l^ „
In the present work z in c ch lo r id e  was found to  be a 
s u ita b le  c a ta ly s t  f o r  the a ce ty la t io n  p rocess  with 
minimum degradation  o f  the product* With t h is  c a ta ly s t  
the rate  o f  a ce ty la t io n  cou ld  be c o n tr o l le d  much more 
e a s i ly  by s e le c t in g  a s u ita b le  ca ta ly s t  con cen tra tion  and 
temperature so as to  ob ta in  a s a t is fa c to r y  lon g  chain 
product*
A ce ty la tio n  using a n on -so lv en t a ce ty la t io n  m ixture
When c e l lu lo s e  i s  a ce ty la te d  using ore in e r t  madium 
l ik e  benzene or other hydrocarbon s, which do n ot d is s o lv e  
c e l lu lo s e  a c e ta te , the c a ta ly s t  o fte n  used i s  z in c  
ch lor id e*  The product obtained remains f ib ro u s  and the 
t r ia c e t a t e  con ta in s about 62*5% bound a .cetic acid* Zinc 
ch lo r id e  is  not ch em ica lly  bound to  the c e l lu lo s e  and may
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be e a s i ly  removed by washing a f t e r  the term in ation  o f  
the process®
T ria ce ta te  obtained  in  the presence o f  z in c  c h lo r id e , 
as c a t a ly s t ,  does not con ta in  bound su lp h u ric  groups 
and is  much more s ta b le  to  heat® I t  i s  in so lu b le  in  
acetone^ but d is s o lv e s  r e a d ily  in  ch loroform  
methylene c h lo r id e , te tr a -ch lo ro e th a n e , m -creso l and 
form ic acid®
Howard and Parikh (37) S]2OWe+ th a t a c a ta ly s t  i s  
e ss e n t ia l f o r  the a c e ty la t io n  o f  c e l lu lo s e  in  a m ixture 
o f  a c e t ic  anhydride, a c e t ic  a cid  and carbon t e t r a ­
c h lo r id e , ±;nd suggested a su ita b le  com position  01 the 
a ce ty la t in g  mixture® They t r ie d  to  e .cety la te  c e l lu lo s e  
at 20°C w ith z in c  ch lo r id e  as c a t a ly s t ,  bait a v ery  low 
degree o f  a c e ty la t io n  was obtained ( 31% a c e t ic  a c id )  
even a f t e r  3 days® O s t ^ 9? )  found that much h igher 
con cen tra tion s o f  z in c  ch lo r id e  ( 50- 100% o f the weight 
o f  the c e l lu lo s e )  and h igh er re a c t io n  tem peratures were 
requ ired  fo r  f u l l  iacetylation®
The product obta ined  thereby was qu ite  s ta b le  towards 
h ea t, l ig h t  and s to ra g e , and h .^s a h igh er m olecu lar 
weight than the' product obtained t j  using r e r c h lo r ic  
a c id  or su lph u ric a c id  as catalyst®
Experimental
A weighed amount o f  c e l lu lo s e  was f i r s t  soaked in  
a c e t ic  a c id  ( 1 :5 0  by w t) f o r  72 hours at room tem peratures 
(20 ~ 5 °0 ) e Most o f  the p re trea tin g  a c id  was then
separated o f f  at the  vacuum pump, and the c e l lu lo s e  w ith  
some a c e t ic  a c id  was then weighed* Zinc ch lo r id e  so lu t io n  
o f  know concentextion was prepared in  g la c ia l  a c e t ic  a c id  
by warming at 40°G f o r  20 m inutes, then le t t in g  i t  c o o l 
down to  25°C b e fo re  use* A known qu an tity  o f  th is  
s o lu t io n  was added to  a 2 l i t r e  f la s k  con ta in in g  the 
a c e ty la t io n  m ixture c o n s is t in g  o f  known amount o f carbon 
t e t r a c h lo r id e , a c e t ic  anhydride and g la c ia l  a c e t ic  a c id  
at 25°C* The c e l lu lo s e ,  w ith  i t s  a c e t ic  a c id , was 
then tra n sferred  ra p id ly  in to  the a c e ty la t io n  m ixture, 
which was then them nostated at the requ ired  re a c t io n  
temperature* The i n i t i a l  amount o f  a c e t ic  a c id  in  the 
a c e ty la t io n  mixture was so ad ju sted  as to  g iv e  the same 
f in a l  con cen tra tion  o f  a c e t ic  a cid  in  the re a c t in g  m ixture 
a f t e r  adding the c e l lu lo s e  in  a l l  the rims* The i n i t i a l  
weight r a t io  o f  c e l lu lo s e  to  a ce ty la t io n  m ixture was a lso  
kept constant* Thus f o r  10 g* c e l lu lo s e  taken , the 
fo llo w in g  a c e ty la t io n  m ixture was used f o r  a g iven  z in c 
ch lo r id e  con cen tra tion :
636 g carborj&etrofehloride ( la b o ra to ry  reagent grade) 
109 g a c e t ic  anhydride (Analar r e d i s t i l l e d ,  d r ie d )
1 5 -7  g a c e t ic  a c id  (la b o ra to ry  grade, r e d i s t i l l e d )
and
2*5 g z in c  ch lo r id e  (B*D*H* s t ic k  form )*
Reagents wre p u r if ie d  as d escr ib ed  by Vogel (^3)^
The re a c t io n  f la s k  was then shaken at approximate in te rv a ls  
o f  12  hours and sm all samples o f  about 0*5 g c e l lu lo s e  
were removed at v a r iou s  tim es f o r  examination* Each sample
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was thoroughly  washed, w ith  petroleum  e th er , a lco h o l and 
f in a l l y  d i s t i l l e d  water in  a s in te red  f i l t e r  (N o*3) 
attached to  a vacuum pump, fo llo w e d ty  drying in  a 
vacuum oven at 80°G fo r  fou r  hours* Samples were then 
kept in  a calcium  ch lo r id e  d e s ic ca to r  u n t i l  requ ired  f o r  
a n a ly s is , s o lu b i l i t y  t e s t s  or m olecu lar w eight determ ina­
tion *
The method o f  a n a ly s is  was that o f  Howlett and 
M a rtin ^ 9^  f o r  h ig h ly  a ce ty la te d  cellulose and d i f f e r e d  
on ly  in  that s l ig h t ly  la rg e r  volumes (15  ml) o f 
a lc o h o l ic  potash and su lp h u ric  a c id  were used* A 
minimum o f  4 hours was a s a t is fa c t o r y  time f o r  com pletion  
o f  the i n i t i a l  a lk a lin e  h y d ro ly s is , and t r i p l i c a t e  analyses 
o f  samples were ca rr ie d  ou t . The % o f  combined a c e t ic  
a c id  content in  the sample was ca lcu la te d  from:
6*005 (V,, ~ Vq ) N
% AcOH = — — — ^ -----w
where = actu a l t i t r e
V2 = blank t i t r e  (w ithout c o tto n )
N = n orm ality  o f  NaOH
w = weight o f  c e l lu lo s e  t r ia c e ta te
The r e s u lts  o f  a t y p ic a l  a n a lys is  are shown as 
fo l lo w s , togeth er w ith the mean d e v ia tio n  from  the mean:
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Wto o f  
substance JSTaOH ml' o f  0 ® 2000 H*HaOH T itre  (m l) used f o r
s a p o n if ic a t io n
% Ac OH
- 10 .2 0 - ■ -
• Q.2247 . 21 .85 11.65 62.27
0.2215 21 ®70 11.50 62.35
0.2274 • 22.00 11.80 62.32
Mean 62.31 -  0 .02
Samples were te s te d  f o r  s o lu b i l i t y  in  a 
c lilo ro fo rm -a lco h o l m ixture ( 9 :1  by volume) and on some 
o f  the so lu b le  samples s v i s c o s i t y  measurements were mahe 
to  c a lc u la te  the m olecu lar w eight using  the Mark-Eouwink 
ir e la t io n s h ip  as d e scr ib e d  la t e r  in  Chapter IV®
Thus f o r  an LoVoN® value o f  1 . 969? MyT was ca lcu la te d  
from  the r e la t io n s h ip :
c 0 9  
1 „969 = 2®066 x  10 “2 TQ ■
■ and found to  be 96,400®.
R esu lts
■ The percentage a c e t ic  a c id  con ten t a t variou s tim es 
are shown in  Tables l i d  to  4 and p lo t te d  in  F igures I I d  
to  4 , f o r  runs made a t 4 0 ° , 5 0 °, *70° and 90°C® The bath 
temperature and amount o f  s in e  c h lo r id e , as g. per g . 
c e l lu lo s e ,  are shown jln the f i r s t  column o f  these tables® 
.The re a c t io n  tem perature was th at o f the bath  temper* tu re  
except f o r  run a t 90^0 , where the re a c t io n  .tem perature 
was about 8 0 °, s in ce  the m ixture was b o i l in g  under r e f lu x  
co n d it io n s  ®
7 ‘ '
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TABLE I I .1
EXAMINATION OP DIPPERENT SAMPLES DURING ACETYLATION AT 4 0 °G
0 * 2 5
0*50
0*75
1* 0 0
ZnCl2
go/go
c e l lu lo s e
Time
in
hours
A c e t ic  a c id  
con ten t %
S o lu b i l i t y  
in  ch loroform
1 2
29
36
54
84
167
191 
204
19
29
54
72
1 1 9
167
19
29
54
72
95
1 1 9
192
1 9
29
54
72
95
1 1 9
144
1 9 1
216
13o45 j2 .2
29.24±1„8
31•80 J l *7 
37 * 47±1*3
43*24 jl*1  
49*92^0*76 
50*87J o .65 
53*43-0*54
50*28^0*64 
54 .81±0.52  
58»6±Q*51 
61 .03J o *41 
61*60j0*40 
6 1*52- 0*26
5 4 .4 8 j0 .6 1
56*26j 0*60
59 *>21-0*57 
61*2±Q.44 
61*87J o *32 
62*12jo*27 
62 * 38- 0*26
59 *45J o *56
60*60j 0*38
60 .98J o *32
6 1 *32j 0*26
6 2*50j 0*21
62*45Jo*18 
61*95jo*17 
6 2*19 j 0*16
62*04-0*14
in so lu b le
tt
p a r t ia l ly  so lu b le
u
it 
tt 
rt 
tt
n early  a l l  so lu b le
t t  tt tt
com pletely  so lu b le
tt tt
p a r t ia l ly  so lu b le
tt tt
com pletely  so lu b le
rt tt
com pletely  so lu b le
tt  it
* sample used f o r  osmometric m olecu lar 
weight determ inatior (Chapter I I I ) *
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DEGREE OF ACETYLATION OF COTTON AGAINST TIME AT 40°C
AT DIFFERENT CONCENTRATIONS OF ZINC CHLORIDE.
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TA.ELE IX. 2
ZnCl2
g ° /g *
c e l lu lo s e
Time
in
hours
A c e t ic  a c id  
con ten t %
S o l i ib i l i t y  
in  ch loroform
0.25
0 .5 0
0 .75
19 2 1 .6 7 + .3
29 3 0 .4 5 + .  8
48 3 8 .6 3 +  .5
96 4 7 .2 6 + .  94
120 5 2 .4 7 -0 .8 7
168 54 .21^0.47
218 5 5 .7 3 -0 .4 3
19 5 0 .9 4 + .6 2
29 5 6 .0 5 + .  56
48 5 7 .4 8 + .  55
72  6 0 . 2 9 + .  3 2
96 6 1 .6 2 + .  28
1°0 6 1 . 7 2 ^ 0 . 3 0
144 61 . 7 4 + .  29
168 61. 97+ .  26
240 6 2 .0 7 -0 .2 4
19 5 6 .2 7 + .6 2
29 5 8 .9 2 + .  56
48 5 9 .9 4 +  .54
95 6 1 . 78+ .  32
120  6 1 .9 7 + .  27
168 6 2 .0 7 + .  24
218 6 2 .1 8 -0 .2 1
P a r t ia lly  so lu b le
n ea rly  a l l  so lu b le
ii ii n
com pletely  so lu b le
ii
ii
ii
ii  
n
n ea rly  a l l  so lu b le
it n it
com pletely  so lu b le
it ii
1 .0 0 19 6 0 .7 5 + .5 4
29 6 1 .1 0 + .  34
48 61.21 +  .34
72 6 1 . 27+ .  28
96 6 2 .1 0 + .2 2
120 6 1 .9 0 + .  24
168 6 2 .6 0 + .  21
218 62.54^0.21
com pletely  so lu b le
it
AC
ET
IC
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m 
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T
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DEGREE OF ACETYLATION OF COTTON AGAINST TIME AT 50°C
AT DIFFERENT .CONCENTRATION OF ZINC CHLORIDE.
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TABLE 11*3
EXAMINATION OF DIFFERENT SAMPLES DURING ACETYLATION AT 7Q°C
ZnCl2
g ./g o
c e l lu lo s e
0*25
Time
in
hours
20 
40 
72 
96 
144 
168 
216 *-y3
A c e t ic  a c id  
con ten t %
5 9 .7 5 + .  54 
6 1 .4 7 -0 .2 4
6 1 . 87x0 .2 1 
6 2 . 36^ 0 .2 2
S o lu b i l i t y  
in  ch loroform
49*27-0*85 p a r t ia l ly  so lu b le
54*93-0*76 
58*27-0*57 n ea rly  a l l  so lu b le
com pletely  so lu b le
tt ii
0„50 1* 0
2*5
10
44
99
119
*5
*6
5 0 *78 ^ 0*62
50*78^0*52
5 7 - 4 9 x 0 . 3 2
60 .48x0 .28
6 1 . 78x0.26 
6 2 . 0 7 - 0 .2 2
p a r t ia l ly  so lu b le
n ti
n early  a l l  so lu b le  
com pletely  so lu b le
0*75 1* 0
2*5
10
20
44
78
5 5 . 2 7 5 0 * 5 7
5 7 . 5 2 + .  5 4  
5 9 . 2 5 + . 5 2  
60.51 +  . 28 
6 1 .9 5 + .2 7  
62.04-43.23
n ea rly  so lu b le
i i  ii
com pletely  so lu b le
ti it
1  *00 1  *0
2 * 5
10
20
44
78
58*81-0*53 n ea rly  so lu b le
5 9 .6 2 + .  52 
6 1 .2 4 + .4 6  
6 1 .5 7 + .  32 
6 1 . 83+ .  27 
62.79^0.21
com pletely  so lu b le
it ii
* sample used f o r  osmometric m olecu lar 
weight determ ination  (Chapter I I I ) *
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DEGREE OF ACETYLATION OF COTTON AGAINST TIME AT 70*0
37
TABLE I I * 4
ZnCl2
g o /g .
c e l lu lo s e
Time
in
hours
A c e t ic  a c id  
content %
S o lu b il i t y  
in  ch loroform
0.25
0 .50
0*75
1  .00
10
18
24
40
44
92 *4
168
0*5 
1  *0
2 .5  
1 0  
20 
24 
44 
72
0 .5
1 . 0
2 .5  
5 
10  
44 
62
0*5
1 . 0
2*5
9
24
44
72
5 6 . 7 2 t 0 . 5 6
58 .36±0.53
59 .29x0 .46
60. 65x0,26 
6 1 .02±0.22 
61.42±0.21 
62.74—0.21
53 .91±0.53  
54 .75±0 .52  
56 . 6 1±0.4-8 
59 .47±0 .32  
6 0 .84±0»33 
61 .01±0.29 
61 .74±0.23  
62 .41±0.20
59.60 
6 0 .2 7  
S '1 .2 1  
61.18 
6 1 . 2 7  
62.23 
6 2 .5 8
±0.48 
±0.42 
±0.35 
±0.31 
±0.29 
± 0 .2 3  
0 .2 1
60 .62±0.29  
60 . 8 1±0 .27  
67 . 93±0.26 
62.22±0.21 
62 .18±0 .18  
6 2 .4 6 -0 .1 8  
62 . 67±0 .16
n ea rly  a l l  so lu b le
»  tt tt
com pletely  so lu b le
tt tt
p a r t ia l ly  so lu b le
tt tt
n early  a l l  s o lu b le
tt  tt it
completely so lu b le
tt n
n ea rly  a l l  so lu b le  
com pletely  so lu b le
tt  tt
com pletely  so lu b le
tt tt
* sample used f o r  osmometx'ic m olecu lar 
weight determ ination  (Chapter I I I ) .
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DEGREE OP ACETYLATION OF COTTON AGAINST TIME AT 9 0  ° C  CfiATll)
AT DIFFERENT CONCENTRATION OF ZINC CHLORIDE.
45-
TIME IN HOURS 
FIG I I .  4
10 20 30 40 . 50 60 70 80
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TABLE II®5 
VISCOSITY DATA FOR SAMPLES OF CELLULOSE 
TRIACETATE IN CHLOROFORM
Sample No® 
(4 0 °0 )
Concn® c 
g ./d l®
Flow time 
in  secs®
%
V is c o s ity  Nu
- r V v
167 hr . 0 70 .6
0®50 0.4862 237*2 2.3597 4.85330 ® 3241 162.7 1.3031 4 .0 2 7 0 '
0®2431 134.1 0.8994 3-6997
0.1621 107® 7 0.554-0 3.4160
0.1215 99 ° 6 0.4107 3.3810
L.V.N® = 2.6493 Mh = 129,700
191 hr® 0 70.6
0®50 0®4923 131 oO 1.4362 2.91730 ® 3282 13 1  °o 0.8697 2.6066
0.2461 113*0 0.6005 2.4400
0.1641 97*5 0.3824 2.3222
0.1231 90.1 0.2762 2.2440
LoVoN® = 1.9629 Mn = 96,400
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TABLE I I . 6
VISCOSITY DATA EOR DIFFERENT SM ILES OF
CELLULOSE TRIACETATE PT CHLOROFORM AT 2 5 °0
Sample 0oncn0c Flow time 11 -  n V is c o s ity  Number
( 50^0) g a /d lo  in  s e c s „ —~ -----------  x^n / n o
to
168 hr * 0 70*6 —
0*50 0*3278 128*1 0*8286 2*484
0.2458 112*0 0 * 6020 2*386
0*1639 96*5 0*3682 2*239
0*1229 8 9 .4 0.2691 2*167
0*1093 87 o1 0*2337 2*1381
L „V.N* « 1*944 EE = 95,200
218 hr* 0 70.6 •*»
0*50 0.-3616 119-2 0*6883 1 *904
0 .2 7 12 105.5 0*5099 1.823
0.1793 92.6 0*3186 1.738
0*1356 86*7 0*2281 1*681
0*1205 84*7 0*1997 1.657
L * V.N* = 1*534 H E  -  75,100
240 h r . 0 70*6 T._
0 .50 0*9688 172*4 1.5610 1*488
0*4844 1 1 3 .0 0*6006 1 *240
0*3229 9 7 3 0-3753 1*163
0*2422 90.1 0.2762 1*140
0*1615 83.2 0*1785 1*105
L * V*N* = 1 *018 H E  = 49,800
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TABLE I I *7
VISCOSITY DATA EOR DIFFERENT SAMPLES OE
GELLTJLOSE TRIACETATE IN CHLOROFORM AT 25°C
168 hr 
0 .25
Sample
( 70^0)
Concn.c 
g . / d l .
Flow time 
in  s e c s .
V is c o s ity  Number
~ x r
95 fri?* 0 7 0 .6
0 .25 0.4890 198.5 1.8130 3*7060
0.3260 145 .4 1.0623 3*2480
0.2445 124.8 0.7678 3*1402
0.1630 102.8 0.4560 2.79750.1222 
L .V .N . =
94.1
2.3169
0.3328
UN h-oo 
Mn = 967700-
2.7250
110 h r. 0 70.6
0.25 0.4911 191 .2 1.7082 3*478
0.3274 142 .4 1 .0 17 0 3.106
0.2456 122.0 0.7280 2.964
0.1637 102.3 0.4190 2.7^3
0.1228 
L .V .N . =
93*7
2.2686
0.3232
II# ; OOO
Mil = 4437496
2.621
144 h r . 0 70.6
0.25 0.5112 185*1 1.6219 3*173
0.3408 137*8 0.9520 2.796
0.2556 117*6 0.6656 2.604
0.1704 99*6 0.4108 2.411
0.1278 91*7 0.2989 2*339
L.V .N . = 1 .9750
0
0 .9 6 0 0
0 .7 6 8 0
0.6000
0.4000
0 .2 0 0 0
7 0 .6
3 0 8 .1
243.3
198 .4  
1 5 3 * 4  
119*3
%J l o o  
Mn = 444yee©
3.3640 
2.4462 
1.8102 
1 . 1 7 2 8  
0 .6 8 9 8
2.844
2.534
2*337
2.143
2 .2 2 2
L.V .N . = 1 .913 Mn = 9 3 5700
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TA.BLE I I . 8
VISCOSITY DATA FOR DIEEEBEHT SAMPLES OP
CELLULOSE TRIACETATE IN CHLOROFORM AT 25°C
Sample Concn.c Flov7 time n -  n V is c o s ity  Number 
(70 0) g . / d l „ in  sec® ^ io ^ lo 0
4 4  hr® 0 70.6 —
0 . 5 0 0 . 5 0 1 9 1 2 3 * 3 0 . 7 4 6 4 1.4 -871
0 .3 3 4 -6 10 3 .8 0 . 4 7 0 2 1 . 4 0 5 2
0 . 2 5 0 9 94-. 3 0 . 3 3 5 6 1 * 3 3 7 5
0 . 1 6 7 3 8 5 * 9 0 . 2 1 6 7 1 . 2 9 5 2
0 o 1 2 5 4 8 2 . 0 0 .1 6 1 2 1 . 2 8 8 0
L . V . N .  = 1 . 1 9 7 ME = 7 1 , 1 0 0
62  hr® 0 7 0 . 6
0®50 0 . 4 9 1 6 1 0 9 . 5 0 . 5 5 2 4 1 .1 2 2 1
0 . 3 2 7 7 9 5 * 0 0 .3 4 -5 6 1 . 0 5 4 6
0 . 2 4 5 8 8 8 . 4 0 . 2 6 2 0 1 . 0 2 5 7
0 . 1 6 3 8 8 2 . 0 0 . 1 6 1 4 0 .S S 6 0
0 . 1 2 2 9 7 9 *1 0 . 1 2 0 4 0 . 9 7 9 6
L . V . N .  = 0 . 9 3 0 Mn = 5 8 , 6 0 0
7 8  hr® 0 70.6
0.50 0 . 4 9 5 3 1 1 1 . 3 0 .5 7 6 5 1 . 1 6 4 0
0 . 3 3 0 2 9 5 * 8 0 . 3 5 8 3 1 . 0 8 0 9
0 . 2 4 7 6 8 9 * 0 0 . 2 6 0 6 1 o0525
0 .16 51 8 2 . 6 0.1700 1 . 0 3 0 0
0 . 1 2 3 8 7 9 - 5 0 . 0 9 9 2 1 . 0 1 8 6
L oV qN o = 0 . 9 2 5 Mn -  4 5 ?300
7 8  hr® 0 70.6
1 . 0 0 0 . 9 8 8 0 1 0 4 . 1 0*475 0 . 4 8 0 2
0 . 4 9 4 0 8 6 . 2 0.221 0 . 4 4 7 4
0 . 2 4 2 0 7 8 . 2 0 . 1 0 8 0 . 4 4 4 6
L . V . N .  = 0 . 4 2 8 Mn = 2 1 , 0 0 0
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TABLE 11*9
VISCOSITY DATA EOR DIFFERENT SAMELES OF (ACTIVATED 
AT 70%) CELLULOSE TRIACETATE IN CHLOROFORM AT 25°0
Sample
( 7 0 ^0)
Ooncn*
g c /d l *
Flow time 
in  secs* %
%
V is c o s ity  Nui
• f c W
96 hr* 0 70*6
0*25 0*4881 161*2 1*2832 2 .6 2 8
0*3254 1 2 5 * 2 0*7733 2 .3 7 6
0 .2 4 4 0 109*4 0*4480 2 . 2 5 2
0*1627 95*0 0 * 3 4 5 6 2 .1 2 4
0*1220 88*8 0*2577 2 . 1 1 3
L *V*N* = 1 *855 Mn = 9 0 , 9 0 0
144 hr* 0 7 0 * 6 —
0*25 0*4754 146*9 1*0807 2*274
0*3169 118*0 0*6714 2 .1 1 9
0*2377 104*2 0*4759 2 .0 0 2
0*1548 ft 9 2 . 6 0*3116 1*967
0*1188 8 6 .6 0*2266 1 *907
LoV.N* = 1 *7 4 1 - Hr! * 85 ,200
168 h r . 0 7 0 * 6 —
0*25 0 * 4 9 9 6 153*0 1 *1671 2 .3 3 6
0*3330 121 *6 0*7224 2 .1 6 9
~v- 0*2498 1 0 6 .8 Oo5170 2 . 0 5 2
0*1665 93*6 0*3259 "1.957
0*1249 87*4 0*2380 1 .9 0 6
( “if tfoV.N* = 1 .7 30 * En = 84 -a 0 0
93 br* 0 70*6 —
OY25 0*4970 160*8 1 .2 7 8 2 . 5 7 1
0*3313 125*4 0*7762 2 . 3 4 3
v 0*2485 109*0 0*5395 2 .1 8 9
0*1656 94*2 0 * 3 3 4 2 ■ 2 .0 1 9
0*1242 88*0 0*2464 1 .9 8 5
*#f L*V*N* = 1*7961
IN-
COll , 9 0 0
144 hr* 0 7 0 * 6 —
0*25 0*4887 141*9 0*4887 2*067
0*3258 114*1 0*3258 1*891
\ 0*2443 , 1 0 1  * 7 0*2443 1*803
0*1629 3 0 * 2 0*1529 1*704
0*1221 85*2 0*1221 1 *694
L*V*N* = 1 *534 + Mn = 75 ,■100
168 hr* ' 0 7 0 * 6
0*25 0*9600 265*8 2*7649 2*390
0*7680 2 1 5 .6 2*0538 2*177
' 0*6000 178*3 1 .5255 2*015
0*4000 1 3 9 -4 0 .9745 1*818
"0 * 2000 106*7 0*5113 1*6110
L* V*N* = 1 *407f« ffi = 68 , 9 0 0
( S a m p l e  vw>* p r e d r i e d o
-  4 4  -
TABLE 1 1 .1 0
VISCOSITY DATA FOR DIFFERENT SAMPLES OF
CELLULOSE TRIACETATE IN CHLOROFORM AT 25°C
Sample Concn.c Flow time n -  n V is c o s ity  Number
(90°C ) g . / d l .  in  s e c s . — ^  o°
7 2  h r . 0 7 0 . 6
0 .2 5 0*3564 133*2 0 .8 8 6 7 2 .4 8 8 0
0 .2 6 7 3 1 1 4 .5 0 .6 2 1 8 2 .3 2 6 2
0 .1 7 8 2 9 8 .4 0 .3 9 3 7 ' 2 .2 0 9 3
0*1188 8 8 .0 0 .2 46 5 2 .0 7 4 4
L .V .N . = 1 .8 8 0 .: Mn = 9 2 ,0 0 0
91 h r . 0 7 0 . 6
0 .2 5 0 .4 9 3 0 1 1 6 .6 0 .6 5 1 0 1 . 3 2 2 0
0 .3 2 8 7 99*6 0 .4 25 0 1 .2 4 9 6
0 .2 46 5 9 1 * 2 0 .3 0 7 3 1 .1 8 3 7
0 .1 6 4 3 8 9 .6 0 . 2 7 0 0 1 .1 6 3 8
C.1232 8 0 .5 0 .1 4 0 0 1 .1 3 8 0
L .V .N . = 1 .0 5 6 5 Mn = 5 2 ,2 0 0
20 h r . 0 7 0 . 6
0 .5 0 0 .3 46 7 1 1 7 * 0 0.6601 1 .8 9 6
0 .2 6 0 0 1 0 3 - 8 0 .4 7 0 3 1 .8 0 9
0 .2 0 8 0 9 6 .4 0 .3 6 5 4 1 .7 5 7
0 .1 4 8 6 8 8 .3 0 .2 6 0 7 1 .6 8 7
0 .1 1 5 6 84*1 0 . 1 9 1 2 1 .6 5 4
L .V .N . = 1 .5 2 4 7 Ha = 7ip 9 600
9 h r . 0 7 0 . 6
1 .0 0 0 .5 1 4 6 129 .1 0 .4 81 5 0 .9 3 5 6
0 .3431 1 0 4 .4 0 .3342 0.9141
0 .2 5 7 3 9 4 .0 0 .2 32 2 0 .9 0 2 5
0 .1 2 8 6 8 6 .6 0 .1 13 3 0*8811
0*0858 7 9  08 0 .0 7 0 8 0 .8 2 6 0
L .V .N . = 1 * 3700 Mn = 6 7 ,1 0  0
Values fo r  the mean d eviation  from mean of three  
values are shown fo r  the a n a ly sis  f ig u re s  in  column 3 
of Tables II®1 to 4 .
V is c o s ity  measurements are shown in  Tabled I I . 5 to  10® 
L im iting v is c o s ity  numbers were computed by the le a s t  
squares method in  a l l  these ta b le s . M olecular weights 
fo r  these samples were evaluated by the Mark-Houwink 
equation using K  and as determined in  Chapter IV ,
Table I V .6„
D iscussion  of R esu lts
Considering the amount o f zinc ch loride required to  
achieve f u l l  a c e ty la tio n , i t  can be seen th at the time 
required can be reduced considerably by in creasin g  the 
amount o f zinc c h lo r id e . For in stan ce , th is  is  c le a r ly  
shown by the r e s u lts  a t 4 0 ° (Table I I d ) ,  where a change 
in  amount of zinc ch lorid e  from 0 .7 5  &/&  to  1 °00  g*/@> 
r e s u lts  in  the time being reduced from 1^9 to 95 hours.
This time can be fu rth er reduced, fo r  the same amount of 
zinc c h lo rid e , by ire reasing  the tem perature. Thus at 
9 0 ° (Table I I . 4 )  complete a c e ty la tio n  is  achieved fo r  
0 .7 5  g /g  and 1 .0 0  g /g  zinc ch loride at 44 and 9 hours 
r e s p e c tiv e ly . The e f fe c t  o f temperature on the extent of 
a c e ty la tio n  i s  shown by comparing the r e s u lts  in  Table I I . 1
with those in  Table II.4,wh/-ere f u l l  a c e ty la tio n  uoing 0 „2 5 g /g
\ *
ZnClg(53*44% a c e tic  a c id ) o,t 4 0 ° is  not achieved even 
a f t e r  204 hours but th is  i s  reached at 9 0 ° a fte r  168 hours 
(62 .74%  a c e tic  a c id ) . In order to obtain  a f u l l y  
a cety la ted  product the r e s u lts  suggest that at le a s t
-  4 5  -
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0 .7 5  g /g  zinc ch lorid e  is  required fo r  a period of f iv e  
days a t 40°* While f u l l  a c e ty la tio n  was sought in  these  
preparative s tu d ie s , i t  was necessary not only to  obtain  
a high m olecular weight product hut a lso  to obtain  a 
product of a d esired  m olecular weight by se le c tin g  suitable, 
conditions fo r  the a c e ty la tio n .
I t  can be seen from the r e su lts  in  Tables I I  *5 to  7 
th at fo r  a given a c e ty la tio n  tim e , the m olecular weight 
Mn of the sample appears to  decrease exp on en tia lly  with  
increasing temperature and amount of zinc ch loride present., 
Thus fo r  an a c e ty la tio n  time of 168 hours and 0 .5 0  g /g  
zinc ch loride at 4 0 ° ,  5 0° and 70° the m olecular w eight,
Mn, of the product was 1 2 9 ,7 0 0 , 95*200 and 93*600  
re sp ectiv e ly *  S im ila r ly , fo r  0 .2 5  g /g . zinc ch loride a f te r  
95 hours (Table 11*7) the m olecular weight was 113*400  
but was reduced to 4 5 ,3 0 0  with 0*50 g /g . zinc ch loride  
a fte r  only 78 hours (Table I I . 8 )*  While complete 
a c e ty la tio n  i s  reached a fte r  only 9 hours at 9 0 °G with  
(1 .0 0  g /g ^ zin c  c h lo r id e , (Table I l . i o j o r  a fte r  91 hours 
w ith 0 * 2 5  g /g . zinc c h lo r id e , much lower m olecular w eights  
of 67*100 and 5 2 ,2 0 0  were obtained re sp e c tiv e ly  compared 
w ith those at lower temperatures*
No advantage with resp ect to  m olecular weight was. 
gained by e ith e r  pre-dryin g the c e llu lo s e  or a c tiv a tio n  
with a c e tic  acid  a t higher temperature o f 7 0 °C 9 fo r  the  
same time (72 hours)* This i s  c le a r ly  shown by 
comparison o f the r e s u lts  in  Table 11*9 w ith those in  
Table I I . 7  fo r  the same a c e ty la tio n  tim es.
“  4-7 -
I t  was not thought worth while to draw any conclusions  
from the p lo tte d  r e s u lts  fo r  a c e ty la tio n  w ith time 
(Figures I I . I  to 4-), w ith regard to the ra te  mechanism 
of the re a c tio n . The present stu dies were designed  
s o le ly  as a guide to the choice of a c e ty la tio n  conditions  
to  give a required range of molecular weights fo r  c e llu lo s e  
tr ia c e ta te  sam ples, to he used in  subsequent v is c o s ity  
and degradation stu d ies described la t e r .
4 8  -
C H A P T E R  I I I
MEASUREMENT OE OSMOTIC PRESSURE OE CELLULOSE 
TRIACETATE SOLUTIONS
-  4 9  -
The osmotic pressure of a so lu tio n  can be defined  
as the d i f fe r e n t ia l  pressure that must be applied to  
tbe so lu tio n  to m aintain equilibrium  when so lu tio n  and 
pure solven t are separated by a semipermeable membrane*
By connecting a counter pressure device to  the so lu tio n  
sid e  of the membrane, as shown in  F ig .I I I .A  the 
magnitude of the applied  external pres stare required to  
prevent change in  the liq u id  le v a ls  in  tubes A and B, 
gives the osmotic pressure o f the so lu tio n * This method 
of measuring the osmotic pressure i s  u su a lly  re fe rred  to  
as the dynamic equilibrium  technique, and i s  very  u sefu l  
fo r  rapid determ inations of osmotic pressure* Instruments 
based 011 the a p p lic a tio n  o f the dynamic equilibrium  
procedure have been described by Berkeley^4 0 2 ^ , M ayer^^9 ^, 
O a s t e r ^ ^ 1^, M o n t o n n a ^ ^ 2  ^ end Eowe^ '
An a lte rn a tiv e  method i s  to  measure the liquid head 
developed by tran sp ort o f solven t across the s^m i- 
permeable membrane in to  the so lu tion * At equ ilibriu m , 
the h yd rostatic  pressure corresponding to  th is  head is  
the same as the osmotic pressure o f the so lu tio n  as 
measured by the dynamic equ ilib iiu m  method* This s t a t ic  
equilibrium  method has oeen w idely used in  osmometers of 
the types developed in te r  a l i a » by S c h u lz ^  Fucss and 
Mead^ W a g n e r G i l b e r t * " 1 Z im fir «^ ^ \  H e l l f r i t z
 ^ 1 and Meyerhof f ^  20 ^  * The main disadvantage o f the 
s t a t ic  procedure is  the' length  o f time required fo r  the  
attainment o f  the equilibrium  osmotic pressure*
Osmotic pressure, l ig h t  s c a tte r in g , and sedim entation  
equilibrium  methods fo r  determining m olecular weight are
absolute methods. Each requ ires extra p olatio n  to in f in i t e  
d ilu tio n  fo r  rigorous fu lfilm e n t of the requirements o f  
th eory . These various ph ysical methods depend b a s ic a lly  
on evaluation  of the thermodynamic p rop erties of the  
so lu tio n  ( i . e .  the change in  fre e  energy due to  the  
presence of polymbr m olecu les) or of the k in e tic  
behaviour ( i . e .  f r ic t io n a l  c o e ff ic ie n t  or v is o o s ity  
increment) or o f a combination o f the W o . Polymer 
so lu tio n s u su a lly  ex h ib it d eviation s from th e ir  lim itin g  
in f in i t e  d ilu tio n  behaviour at very low con cen tration s.
Thus one i s  obliged  not only to  conduct the experiments 
at low con cen tration s, but a lso  to extrap olate  to in f in i t e  
d ilu tio n  from measurements made a t the low est experim entally  
fe a s ib le  con cen tration s.
I t  was shown by P lory and K + ig b a u m ^ ^ ) th at the  
slope o f the lin e a r  reduced osmotic head ( ^ / c )  versus  
concentration  ( c ) / f o r  p o ly  iso -b u ty le n e  in  benzene at  
30°C i s  sm all and th at there is  no evidence of curvature.
The important f a c t  here was that the same lim itin g  values  
fo r  ( ^ / c ) c_ _q , were obtained in  d iffe r e n t  so lv e n ts , d esp ite  
w idely d if fe r in g  behaviour a t higher con cen tration s.
Thus the observed m olecular weights were independent of 
the so lven t used w ithin  experimental e rro r . In those few 
in stan ces where m olecular weight values obtained in  
d iffe r e n t  so lven ts did not agree, chemical degradation , 
a sso cia tio n  due p o s s ib ly  to  s p e c if ic  p ola r groups or 
aggregation due to  poor s o lu b i l i t y ,  i s  in d ic a te d . The
- 50 -
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s e le c tio n  o f a poor so lven t fo r  the polymer o ffe r s  the
d is t in c t  advantage th a t the slope of ( T‘ / c )  p lo tte d
against the concentration  i s  sm all* Measurements may
then be made at higher con cen tration s, where Tt i s  la rg e r
and th erefore  su b ject to  a sm aller percentage e rro r ,
without exceeding the a rb itra ry  lim it  imposed on the
TT /extrap olation  formulae by the s tip u la tio n  th a t / c  /
fU
3 (H./c ; c_q , which was the case in  present work* By
proper choice o f so lv en t and tem perature, the change in
iT( 1 / c )  with c may be made very sm all and the ex tra p olatio n  
error i s  correspondingly reduced; chloroform  was 
considered the most su ita b le  solven t fo r  c e llu lo s e  
tr ia c e ta te *
The b a sic  fea tu re  o f any system fo r  osmotic pressure  
measurement i s  a membrane which is  permeable to  one 
component o f the so lu tio n  and impermeable to  another, i*e *  
a semipermeable membrane* I d e a lly , the membrane should be 
permeable to the so lv e n t in  use and impermeable to  every­
thing e ls e , but th is  con dition  i s  never f u l ly  s a t is f ie d  
in  p ractice* However, when working w ith high m olecular  
weight polymers in  normal s o lv e n ts , i t  i s  freq u en tly  
p o ssib le  to fin d  a membrane.which is  perheable to so lv e n t ,  
but not to  solu te* In most o f the osmometors, the membrane 
d iv id es a container in to  two compartments, one containing  
so lven t and the other a so lu tion * At constant temperature 
and p ressu re, the chemical p o te n tia l o f the pure so lven t  
w il l  exceed th at o f  the so lven t in  so lu tion * This 
d iffe re n c e  in  chemical p o te n tia l w ill  cause the so lv en t to
- 52 -
flow  through the membrane in to  the so lu tio n  compartment® 
By in creasing the pressure on the s o lu tio n , the 
d iffe ren ce  in  chemical p o te n tia l may be e lim in ated , and 
net tra n sfe r  o f so lven t through the membrane reduced to  
zero® The pressure applied  i s  the osmotic pressure of 
the solution®
Solu tion  Y Solvent
Figure H I  .A® Typical Osmometer 
: The d iffe re n c e  in  h e ig h t, h , between the meniscus
le v e ls  fo r  the two matched c a p i l la r ie s , A and B, 
corresponds to  the osmotic pressure of the solution® The 
equilibrium  osmotic pressure is  th erefore  the in crease  
in  external pressure on the so lu tio n  required to raise 
the chemical p o te n tia l of the so lven t m olecules in  
so lu tio n  to  equal th a t o f  the pure so lv e n t, at the same 
temperature® The change in  chemical p o te n tia l can be 
expressed thermodynamically as fo llo w s :
V = ~ RT In  a, ( I 1 L 1 )
where it - osmotic pressure
V n = p a r t ia l molar volume of solven t
R = gas constant
T = absolute temperature
a, =  a c t i v i t y  o f  s o l v e n t  i n  t h e  s o l u t i o n
~  5 3  -
For an id e a l s o lu tio n , the so lven t a c t iv i t y  i s  equal 
to  the mole fr a c t io n , N,j« In  terms o f the mole fr a c t io n ,  
Ng ? of so lu te  N^  = 1 -  Ng
-  ln  N/| = -  ln  (1 -  Ng) ( I I I . 2 )
and
-  ln  ^  = Ng ( I I I . 3)
provided the value o f Ng is  much sm aller than unity*
Therefore, fo r  a s u f f i c i e n t ly  d ilu te  so lu tio n :
1 jV = RTNg ( I I I *4)
and i t  is  fu rth er p o ss ib le  to  approximate by the
t o t a l  molar volume of pure solvent and Ng by N^/Njj, where 
/ /
Ng and are the actual number of moles in  the so lu tion *  
We now have
V  V1 = RT Ng/N^J ( I I I *5)
NX
" = HT ^I I I ‘6 )
If = RT ~  (11 1*7 )
where ft/g = concentration  in  groans so lu te  per u n it volume 
o f  so lven t*
Mg = m olecular weight o f solu te*
This can be expressed in  the form:
T f prn
which is  the ifa n 't H off expression re la tin g  osmotic 
pressure to  m olecular weight*
Both theory and experiment show th a t the quantity  
^  /*€2 v a ries with concentration* O bservations, th e r e fo r e , 
must be made at severa l con cen tration s, and the values
j f '
of ‘ /C 2 extrapolated to zero to obtain a value to  be used 
in  the above expression* A more d e ta ile d  development can 
be found in  papers published by Guggenheim^
Scatchard^ l2^  and K upke^2^ *  Further d iscu ssio n  of  
polymer so lu tio n  theory has a lso  been given by Flory^ 12^  
and Tompa^12^ *
The foregoing p ertain s only to equilibrium  con ditions  
and is  independent o f the mechanism of so lven t tran sport  
through the membrane* Measurements with a high-speed  
membrane osmometer are not always made at tru e  equilibrium  
so i t  is  necessary to  consider what e f fe c t  th is  w i l l  have 
on the re su lts*  In the container separated in to  two 
compartments by the semipermeable membrane, assume now 
th at the so lu tio n  sid e  contains three components:
(1 )  so lv e n t, (2 )  a non-permeable s o lu te , and (3 )  a 
permeable so lu te* This i s  the condition e x is tin g  when 
a polymer so lu tio n  is  f i r s t  placed in  the osmometer* In  
tim e, however, the permeable m aterial (low m olecular 
weight polymer) w i l l  slow ly  d iffu se  through the membrane 
and even tu ally  come to a uniform concentration throughout 
each compartment. The pressure measured at th is  f in a l  
equilibrium  sta te  i s  th erefore  not rep resen tative  of the  
o r ig in a l so lu tio n . Any m olecular weight based on such a 
measurement w ill  not be the m olecular weight o f the  
o r ig in a l m aterial*
-  5 4  -
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The osmotic pressure of a so lu tio n  has been defined  
as the d i f fe r e n t ia l  pressure required to  equalize the  
chemical p o te n tia l o f so lv e n t in  the so lu tio n  with th a t  
o f pure solvent® The experim entally observed con dition  
in  the present work, however, i s  one o f  zero volume 
change in  one compartment of the osmometer® I f  only  
solven t can pass through the membrane, zero volume change 
corresponds to a con d ition  of constant solven t chemical 
p otential®  But when the so lu te  can d iffu s e  as w e ll , th is  
is  no longer true since part of the so lven t movement 
toward the so lu tio n  i s  counteracted by so lu te  d iffu s io n  
in  the oppos~* te  direction®  By applying p r in c ip le s  of 
ir r e v e r s ib le  thermodynamics to th is  problem, Staverman^ 
has concluded th at the zero flow  c r ite r io n  w il l  y ie ld  the  
same osmotic pressure when the so lu tio n  is  f i r s t  placed  
in  the osmometer as the one which w il l  hold at true  
equilibrium® This conclusion i s  m odified by a 
"r e f le c t io n  c o e f f ic ie n t "  fo r  the membrane, which i s  
introduced to  account fo r  the experimental fa c t  th a t some 
pressure i s  in it ia lly  observed even with, so lu te s  which 
even tu ally  d iffu se  through the membrane completely®
Further work on th is  problem by Stave naan^ and
(12Q )o th erss has le d  to  the conclusion th a t measurement
of osmotic pressure should be made as soon as p o ssib le  
a fte r  pu ttin g the so lu tio n  in  the osmometer® The pressure  
observed w il l  not n e c e ssa r ily  be the th eoretically  expected  
pressu re, but i t  i s  tne b est obtainable with a given  
membrane ®
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T herefore, although rapid measurement may not give 
the correct number-average m olecular w eight, i t  w il l  be 
c lo se r  to the correct value than th a t obtained by w aiting  
fo r  true equilibrium * One of the major advantages o f  
a high speed membrane osmometer i s  th at i t  perm its the  
osmotic pressure to be determined in  a much sh orter time 
than had p reviou sly  been p o ssib le *  This not only shortens  
the o v e ra ll time per determ ination , but a lso  gives  
b e tte r  r e su lts  fo r  m ateria ls  which can permeate through  
the membrane* The very f a s t  measurement time obtained  
w ith the high-speed osmometer can b est be explained by 
a b r ie f  d escrip tio n  o f th e  p rin cip le  o f operation*
An o p tic a l system in  the siv en t chamber d etects  flow  
through the membrane and au tom atically  a d ju sts pressure by 
means of an electio-m echanical servo system to  prevent 
any net flow * Since p r a c t ic a lly  no flow  o f so lven t is  
needed to  e s ta b lish  osmotic p ressu re, the whole process  
takes only m inutes, and causes no d ilu tio n  of the so lu tio n  
on the other sid e  o f the membrane* These fea tu res  
represent a major improvement in  osmotic pressure  
measurement*
To obtain  m olecular weights from osmotic p re ssu re s , 
the dfan’ t  H off equation i s  used* A b r ie f  d eriv ation  of 
th is  equation is  given on page 5 3  * Since i t  is  only  
ap p licab le  to very d i lu t e , id ea l so lu tio n s , measurements 
are u su a lly  made at severa l con cen tration s, and a su ita b le  
extrap olation  to  zero concentration i s  carried  out*
Mechrola> Model 5 0 1 0 Operation and U se®
Preparing the instrument fo r  operation involves  
three b asic  procedures as under:
1 ® Introducing a bubble in to  the c a p illa r y  fo r  the 
o p tic a l system , o f the osmometer (Figure IIIoB)®
2® In s ta llin g  the membrane, and
3* Bringing the bubble in to p o s itio n  fo r  proper control®
A® Introducing the bubble
1® Set the s e le c to r  sw itch on "R un"; using the  
E levator C ontrol, p o s itio n  the e leva tor  at the bottom o f  
the screw® Tnen turn the s e le c to r  to "D et" (D etector)®
2® Make sure th a t there is  solven t in  the c a p illa r y
and a la y e r  o f so lven t covering the bottom membrane
clamp® Then squeeze the red p la s t ic  bulb and, w hile  
keeping i t  compressed, p lace i t  over the opening in  the  
e levator so lven t cup® Release the bulb applying su ction  
to  the c a p illa r y  to  in crease  the flow  of solvent®
5® In se rt the t ip  o f the needle of a m icrosyringe  
(syrin ge should contain  a ir  and the p iston  should be in  
a p a r t ia l ly  up p o s itio n ) in to  the c a p illa r y  hold in  the  
bottom clamp. Tap the syringe plunger with ihe finger®  
This l ig h t  pressure w il l  expel a small bubble in to  +he 
capillary®  Suction w il l  p u ll the bubble Into the trap  
below the c a p illa r y  as shown in  Figure I I I .O .
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E x p e r i m e n t a l
FIG. XIX.B
WORICING PRINCIPLE OP MECHROLAB OSMOMETER
' -  5 9  ~
MOTOR. \ ‘AMPLIFIER .
-  60 -
Bo In s ta llin g  the membrane
The membrane should, be kept wet with so lven t at a l l
tim es durikg th is  operation  and the membrane should be *
conditioned!or the chloroform  so lv e n t« The membrane./) 
supplied w ith the instrument are in  aqueous so lu tio n  and 
must be converted f o r  use in  organic so lven t 0 The membrane 
should be rin sed  w ith d i s t i l l e d  w ater, then successively- 
soaked in  as under:
1 , 5 0 - 5 0  so lu tio n  o f w a te r -iso -p ro p a n o l,
2 c i  s o -p rop an ol,
3« 5 0 - 5 0  so lu tio n  of iso -p rop a n o l-ch loro fo rm ,
4* chloroform .
They should be l e f t  a minimum of 4 hours in  each o f the  
above solven ts*
Place the membrane on the lower clamp in sid e  the 
p o sitio n in g  pins* Make sure there is  no a ir  trapped under 
the membrane* Put the upper clamp in  place* Replace 
the upper s e a l , pressure clamp, and re ta in er  cap*
Tighten the re ta in e r  cap fin g e r  tig h t*
0* Introducing so lven t in to  the siphon system
P i l l  the g la ss  stack  with solven t end open the siphon  
valve on the cover* Using the siphon v a lv e , draw so lven t  
le v e l  down to  the scrib e  mark v is ib le  through the viewing  
tube*
D. Set Gain
Set s e le c to r  sw itch as "R un"* E levator con trol at 
"N orm al", and record sw itch  a t "O ff "*
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When the bubble reaches the con trol le v e l  and the  
servo system s ta r ts  op eratin g , check the so lven t le v e l  in  
the sample stack  to  be sure the bottom of the m&ni scus 
is  at th s scrib e  l in e  on the g la ss*  Then leave the 
instrument c o n tro llin g  u n t i l  thermal equilibrium  has 
been e sta b lish e d , as in d icated  by a steady reading on the 
counter or recorder* A sta b le  reading should be reached  
again in  about 5 minutes*
Fa Polymer so lu tio n  samples were prepared by d isso lv in g  
vacuum dried c e llu lo s e  tr ia c e ta te  in  chloroform  at 
2 5 °C and aged fo r  three days before use*
G0 Measuring the osmotic pressure of so lu tio n s
1* Having e sta b lish ed  the so lven t l e v e l ,  replace the
solven t w ith so lu tion *
2* Draw the liq u id  le v e l  down to the top  of the 
c a p illa r y  and r in se  down the sid es o f the sample stack  
w ith about 0*1 ml of so lu tio n *
3* Repeat the r in se  step*
4* Put about 0*3 ml of so lu tio n  in  the stack and draw
the le v e l  down to the reference mark*
5 . Since t o t a l  volume o f the grooves and s ta c k s , up 
to the reference mark, i s  about 0*3 ml* th is  procedure 
should provide adequate r in sin g* Certain so lu tio n s  may 
require fu rth er  rin se  step s*
6* A l l  o f the above procedures should be carried  out w ith
the servo system in  op eratio n , but with the Record sw itch
E *  E s t a b l i s h i n g  t h e  s o l v e n t  r e f e r e n c e  v a l u e
in  the "O f f "  position® I t  can now be turned to  the"O n" 
p o sitio n  to  reconnect the recorder to the servo output® 
Repeat the procedure o f above se ctio n  fo r  other  
concentrations o f the same polymer. Normally i t  is  
necessary to  repeat the so lven t reading only between each 
se t of solutions®  I f  any sample m aterial i s  of low  
enough m olecular xveight to d iffu se  through >the membrane, 
however, the so lven t le v e l  must be re -e s ta b lish e d  a fte r  
each s o lu tio n .
H. Determining osmotic pressure
The osmotic pressure fo r  each so lu tio n , expressed in  
cm o f so lv en t#  i s  determined from the measurements in  
se ctio n  E and F® For each so lu tio n , i t  i s  the 
d iffe re n c e  between the f in a l  counter reading and th at  
found fo r  the solvent® The value o f osmotic pre-s-su r e , Jv , 
is  divided by the concentration  expressed as gram s/deci­
l i t r e ,  and the re su ltin g  quotient p lo tte d  against the 
concentration® Figure I I I .1  , o ffe r s  a s p e c if ic  example 
obtained in  chloroform® The extrapolated  val+ie at zero 
concentration i s  the one used fo r  m olecular weight 
c a lc u la tio n s .
I® Q alcu ltin g  m olecular weight
i s :
!!7 e  = R T / Mn
M = osmotic pressure  
c = concentration
~  6 2  -
T h e  b a s i c  e q u a t i o n  f o r  m o l e c u l a r  w e i g h t  c a l c u l a t i o n
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R » gas constant 
T -  absolute temperature 
M = number average m olecular weight 
Re-arranged to :
YT KT 
^  = T 7 Z
{the value given to  ® S /c  is  th at at c=o , or 1 . 1 3 6  in  the 
exam^i3 e Finding^m olecular weight is  only a m atter of  
fin d in g  a value fo r  RT in  u n its  to match the u nits of
TT
•' /c *  This example uses data, in  chloroform . The 
temperature "T " i s  298*2 0Ko The valu e of "R ” in
i i t r e  atmosphere degree ' ”1 mole" ' 1 i s  8*205 x  10“2 * This 
can be converted to pressure units of cm of chloroform  
by m u ltip lying by cm of chloroform  per atmosphere* This 
fa c to r  w ill  depend upon the d en sity  of chloroform  a t the 
temperature of the so lv en t cup* For most purposes, the  
d en sity  at 2 5 ° 0  can be used since d en sity  only v a ries  1 % 
per 9 ° 0 , but fo r  the most carefu l work, the temperature 
must be measured and the appropriate den sity  value used* 
For th is  example, the value at 21*5%will be used* The
value of flTto be used then i s :
RT = 1*707 x 10^ CHce.3 * dd.
Mn  “ 1 © d ! Y / ’°~  = 1 5 0 ’260
Once the fa c to r  RT has been determined fo r  a given se t  of 
condition®, the c a lc u la tio n  i s  very s tra ig h t forward as 
can be seen by th is  example*
1 0 Leave adequate so lven t on both sid es o f the membrane *
2* Leave the servo system in  operation in  order to
re ta in  the bubble in  the c a p illa ry *
3* Heater be l e f t  on at a l l  times in  order to  avoid a
warm up delay*
4* Before r e -s ta r t in g  op eration , add necessary amount of 
solven t to the e lev a to r  cup to b rin g  the solven t  
le v a l back to  i t s  o r ig in a l p osition *
Correction the osm etic head to 2 5 °0 :
Since the measurements were made at temperatures 
other than 25°C , so i t  was f e l t  necessary to  re g u la rise  
the measurement to  25°0* This correction  was based on 
the fa c t  th at d e n sity  i s  proportional to the concentration  
of the so lu tio n  and a lso  to  the osmotic head*
Weight o f so lu tio n  = Density x Volume
W = D25o x  V25o = Drp x VT (15 0)
Concentration at T°C ( ^ )  = ^
gm/100 ml concentration  = y  x  100 
W g polymer in  100 ml at 25°0
_ Iftc-o x  460
Volume at T°C (V™) = -£2— — _  *
O v e r n i g h t  o r  s t a n d - b y  o p e r a t i o n :
so lu tio n , the re la tio n sh ip  ■a-——  = ~  holds true®
2 5 ° T
B-m
So hoc = yr~ x '6An:o
2 5  2 5
Osmotic head at 25°G was ca lcu lated  from the observed  
osmotic head at 2 1 05 °C as described above
Concentration a t 21 ®5°C JL I <3 ^"O * O
= 0 .2 0 5 8  gm/100 ml
NOsmotic head at 25 €  I w o  = ~  x 0or-25 25
0*36 x 0 .2 05 5  =      ■>«
= 0 .3 64 3  cms®
S im ila r ly  osmotic heads were converted to 25°C , then  
the reduced osmotic head was ca lcu lated  as described  
earlier®
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N o w  a c c o r d i n g  t o  i f a n ' t  H o f f  L a w  f o r  t h e  s a m e  p o l y m e r
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T A B L E  I I I . 1
O S M O T I C  P R E S S U R E  D A T A  E O R  S A M P L E S  O E  C E L L U L O S E
T R I A C E T A T E  I N  C H L O R O F O R M
Sample
(2 1 .5 * 0 )
(21*5  C)
(21*5  C)
4
(2 2 *5 'C )
(22*0  C)
( 2 1 * 5  C )
Polymer 
Concn*(c)
g o /d l* 
at 2 5 °C
Data at observed 
temperature
sample 
pressure  
head P 
cms *
Osmotic 
head 
(h ) cms
Corrected  
pres.head  
(h ) to
25°c
Reduced 
Osmot ic  
head h /c
at 25°C
0 1 7-5 2 — —
0*2055 1 7 -8 8 0 * 3 6 0  * 3643 1*77130*4110 18*50 0*98 0*9916 2*4136
0 .6 16 5 19-39 1 *87 1 * 8 9 2 2 3-06890*8220 20*64 3 - 1 2 5-1571 3*8406
1*0275 2 1 * 8 8 4*36 4*4118 / 0 ,A*3929
0 14*76
0 * 1 8 7 8 1 5 -1 6 0*40 0 .4 0 7 8 2*1730
0*3755 15-79 1*03 1 .0 42 2 2 * 7 8 1 6
0*5632 16*64 1 * 8 8 1 .9023 3-37710*7511 17-71 2*95 2 .9 8 5 0 3*974-2
0*9388
0
1 9 -0 4
1 5 -5 2
4*28 4 .3 3 0 8 rnM4 *6 l3 3
W a o  =  I .5 A 3 7
0*2144 14*11 0*59 0 .5 97 0 2*7843
0*4285 1 4 * 9 7 1*45 1 .4672 3*4236
0*6432 16*14 2 .6 2 2 .65 'H 4*1216
0*8576 1 7-55 4*03 4 .0 77 9 4*7551
1 * 0 7 2 1 1 9 - 3 0 5 -7 8 5 .8 4 8 7 /p /v5.4556
0 1 5 -3 6
0*2011 16*06 0 * 7 0 0*7087 3-52530*4022 16*98 1 *62 1*6399 4 .0 7 7 6
0 .6 03 3 18*16 2*80 2*8344 4 .6 9 7 5
5*12830*8044 1 9 -4 3 4 .0 7 4*12011 .0 0 5 6
0
2 1 . 2 7
16*52
5-91 5 -9827 A w  ,5 -9 4 9 7  
=■ f o s q
0 .2 05 3 17 -6 3 •1*11 1 * 1 2 3 2 5 -47 00
0 .4 1 0 6 1 9 - 0 0 2*48 2*5095 6*1106
0*6159 20*63 4*11 4*1588 6*74-290*8212 22*51 5 -9 9 6*0611 7 -3807
1*0265
0
24*58
1 5 -4 8
8*06 8*1558 /|H v 7 -9 *3 9
+ / c > - - o _ 7 lf ' 0 o 5 (J
0*2041 16*69 1 *21 1 * 2 2 2 7 5 -99070 .4 08 2 18*14 2 .6 6 2*6885 6*5862
0*6123 1 9 -8 6 4„38 4*4273 7 -23 06
0*8164 21*83 6*35 6*4207 7 -8647
1 . 0 2 0 9 23-99 8*51 8*6052 , 8 .4 2 9 0
RE
DU
CE
D 
OS
MO
TI
C 
HE
AD
 
(h
/c
)
~ 6 ?  -
- 68 -
-2
^2 5 °  = 8*>205 x 10 l i t r e  atmosphere p^r degree por mol
M o l e c u l a r  w e i g h t  c a l c u l a t i o n s :
8*205 x 1 0  x 0 5 5 o2552 nrio „
~ 1*4£ l02~“ ----------- “
RT25 “ 5 7 2 -4  x 298*2 = 170696*4 '
Mn
= 1 o707 X 1 0 5 fe-707 X 1 0 P r/
RT
hTo when c 0
Sample 1 = ^50 ,260 150- ,3 0 0
Sample 2 s 128 >345 128 , 3 0 0
Sample 3 81.,031 8 "! , 0 0 0
Sample 4 = 58,,741 58 , 7 0 0
Sample 5 55-5 0 7 8 35 »I00
Sample 6 = 31.,763 31 9 800
'/ n
R ep rod u cib ility  o f th is  method is  about 1% as reported by 
the manufacturers of the instalment * The fig u re s  in  the  
la s t  column are rounded o ff*
Results shown p lo tte d  in  Figure 111*1 fo r  h /c  versus  
c fo r  the s ix  samples*
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C H A P T E R  IV
VISCOSITY STUDIES OE CELLULOSE TRIACETATE
SOLUTIONS
-  7 0  -
The v isc o s ity -c o n c e n tra tio n  p lo ts  of c e llu lo s e  
tr ia c e ta te  are lin e a r  over a certa in  range of concentration  
hut would show upward curvature at higher con cen tration s. 
Such upward curvature becomes more appreciable in  the  
case of higher m olecular w eigh t. S im ilar upward
( '\ Vy\ ”)
curvature had been reported by Moore- W ith  n itr o ­
c e llu lo s e  in  a wide range of so lven ts and Simhorf ^ 2 )  
had suggested th is  was due to  hydrodynamic in te ra c tio n  
between chains® Such in te ra c tio n  w ill take p lace at  
lower concentrations w ith extended m olecules such as 
c e llu lo se  and i t s  d e riv a tiv e s  than with f le x ib le  chains 
capable o f c o ile d  or contracted forms® Any other fa c to r  
tending to reduce hydrodynamic in te ra ctio n  or the e ffe c t iv e  
concentration o f the polymer might lead to  infrequent 
in te ra c tio n  between chains in  the experimental range of 
concentration® Such fa c to r s  are extensive c o ilin g  of 
ch ain s, the adsorption of polymer on to  the w alls  of 
the viscom eter and aggregation  o f  chains. Cutler and 
Kimbalv considered th is  fa c t  the downward curvature 
i s  due to  the adsorption  o f polymer on the w alls of the  
viscom eter and i t  may be s ig n ific a n t  th at p lo ts  of s sp
vs c at the lower concentrations give s tra ig h t lin e s  
which in tercep t the concentration  -axis a t Just below  
0 .0 1  g /d l ,  th is  value not being s ig n if ic a n t ly  d iffe r e n t  
fo r  the so lv e n ts .
Eor f le x ib le  lin e a r -c h a in  polymers assumed to be 
randomly c o ile d  in  s o lu tio n , theoryv r '  p re d icts  th at
'general agreement with observed experimental v a lu e s .
The in flu en ce o f m olecular stru ctu re on f l e x i b i l i t y
is  r e fle c te d  in  the s t i f fe n in g  of the polymer chain due
to fa cto rs  such as s iz e  of the repeating u n it , hindered
ro ta tio n  about chain l in k s , intram olecular in te ra c tio n
between side-groups ( e .g .  hydrogen bonding) or
extensive so lv a tio n  due to  interm olecular polym er-solvent
in te r a c tio n . Such consideration s account fo r  the
r e la t iv e ly  high chain s t i f f n e s s  o f c o llu lo s o  derivft ives
in  so lu tio n  as in d icated  by the high cK values of 0 .9 0
and 0 .9 7  which have been reported fo r  the d ia c e t a t e ^ ^ 9 )
( 157 )and tr in itr a te ^  J r e s p e c tiv e ly .
In a quite  considerable number of p u b lica tion s  
d ealing with the determ ination o f  the constants of the  
Mark-Houwink equation , the values o f such constants  
were found by various authors fo r  the same c e llu lo s e
to
e ste r  in  the same so lven t may show wide d iscrep a n cies .
The d iscrep ancies may be due to the uso o f u nfraction ated  
products. The d iffe re n c e  in  the constnts may a lso  be due 
to d iffe r e n t  con dition s under which the v is c o s it y  i s  
measured. A l l  these fa c to rs  must be considered in  
in terp retin g  the equation connecting the m olecular weight 
with v is c o s i t y . Cemberbirdi .and surveyedthe
various determ inations o f the constants in  the equation  
fo r  c e llu lo s e  a c e ta te s . They reported an in te re stin g  
fa c t  that the c e llu lo s e  i t s e l f  has the most c o iled  
stru ctu re o f the m olecule in  so lu tio n  as compared w ith  
i t s  d e r iv a tiv e s .
-  7 1  -
t h e  v a l u e  o f  << s h o u l d  l i e  i n  t h e  r a n g e  0 . 5 - 0 . 8 ,  i n
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The constants K  and &< were evaluated fo r  d iffe r e n t  
samples of c e llu lo se  tr ia c e ta te  in  chloroform , te tr a  
ch ioro-ethane, dichlorom ethane, m -cresol and form ic acid  
at 25°C .
I
The d e fin it io n  o f the Huggins constant k as
the "in te r a c tio n  con stant" is  inadequate as evidenced
in  p a rtic u la r  by the fa c t  th at i t  is  not r e a lly
constant^ , fo r  various samples of a polymer
in  the same solven t* In the present work, an attempt
»
was made to in v e stig a te  the k values fo r  c e llu lo s e
I
tr ia c e ta te  samples o f d if fe r e n t  m olecular w eigh ts, in  
the above mentioned so lven ts*
Exp er iment a l
In th is  work, a c a p illa r y  viscom eter was used to  
measureAvisco s i t y  of c e llu lo s e  tr ia c e ta te  so lu tio n s  
since th is  only in volves a sm all quantity of sdution*
( '■] h'\ •')
The P o is e u ille v ' equation fo r  a liq u id  flow ing through 
a c a p illa r y  is  given by:
>r
7  = ~  ( I V .1 )
where
/ = v is c o s ity  o f the liq u id
P = pressure  
a = radius of c a p illa r y
V = volume o f the liq u id  floiving through the  
c a p illa r y  in  time * t  *
L  «  l e n g t h  o f  t h e  c a p i l l a r y
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By applying the k in e tic  end correction  to  the  
P o is e u ille  equation, which i s  necessary soma^times, ikn 
v is c o s ity  can he expressed a s :
^  = f t  ft Pfc , _ _ m J L J P    (xv 2)
v  5  v  (L +J5  8 (Tr+jTTT kj-v .r )
where m is  a constant whose th e o re tic a l value is  u n ity
and i s  an end correction  to  he added to  the measured
length  of the c a p illa ry *  Equation IV e2 can he used to
c a lc u la te  the absolute v is o c is t y  by means o f flow
a
through a c a p illa r y  and fo r  viscom eter whose drivin g  
fo rce  i s  s o le ly  a g ra v ita tio n a l one, and equation I V .2 
may be w ritten  a s :
1 = K f  t-  p i  ( I V .3)
where /° i s  d e n sity  of the liq u id  and K, c are c a lib r a tio n  
con stan ts, whose values can be ca lcu lated  i f  ^  f  and
t  are known fo r  liq u id s  or fo r  one liq u id  at two
d iffe r e n t  temperatures* The values of K and c were 
evaluated by determining the flow  time fo r  water a t  
2 5 ° 0  and 35°C and the second term in  equation IV *3 was 
found to be n e g lig ib le  fo r  ’low ' ‘ v isc o sitle i,,s in c e  c was 
very sm all* By replacing P by h/>g in  equation IV* 1 
i t  can be w ritten  a s :
r l  - H w - - 7
Therefore the v is c o s i t y  ra tio  of two liq iiid s  in  a 
given viscom eter w i l l  on ly  depend on the r a tio  o f the 
d e n sitie s  and the flow  tim es of the l iq u id s , since h , Tf
-  7 4  -
a , V and L are constants* Thus the equation could be 
represented by:
“ - 7 r r  r i r i )
tf i 4 ri
where *? , , y*, /fe and t ,  t^ are the v is c o s i t y ,
d en sity  and flow  ra tes  fo r  the two d iffe r e n t  liq u id s  
re sp ectiv e ly *  For the d ilu te  scLutions, the d e n sitie s  
of so lven t and so lu tio n  are p r a c t ic a lly  id e n tic a l  
and the equation IV*4 can be fu rth er m odified to  
g iv e :
~- b
1 o o
where Of and t ,  t now re fe rs  to  the polymer so lu tio n  
and so lven t re sp e c tiv e ly *  In th is  work the v is c o s it y  
number i s  defined a s :
9  ~ fa  b-tt—-— r  which i s  equal to  —g   -
T 0 ~  * t Q*c
where c i s  the concentration  expressed in  g per dl of 
solu tion *
0
An Ubbeyhoe viscom eter (Polymer Consultants Ltd* ) 
was used fo r  v is c o s ity  measurement a f t e r  being s l ig h t ly  
m odified as shown in  fig u re  IV.A Q u ic k -fit  jo in ts  
were adopted in  th is  work, to  avoid the evaporation  
of the so lv n t and to f a c i l i t a t e  the experimental 
procedure*
The viscom eter was f i r s t  cleaned in  hot chromic 
acid  so lu tio n  and then washed with f i l t e r e d  d i s t i l l e d
-  7 5  ~
1 2 . 3
UBBELOHDE DILUTION VISCOMETER 
FIG. IV. A
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water several tim e s . Solvent and polymer so lu tio n s were 
always f i l t e r e d  before tra n sfe rrin g  to viscom eter.
The viscom eter was rin sed  with acetone and dried  by 
passing dry a ir  through i t .  The viscom eter was held in  
a sp e cia l holder (Townson and Mercer L td .)  to  keep a 
v e r t ic a l  alignment o f the viscom eter, and th is  was 
suspended in  the therm ostat (c o n tro lM  at -0*01  °G) from 
a le v e lle d  p latform . The viscom eter was kept in  the  
therm ostat to  a tta in  temperature equilibrium  fo r  an hour. 
About 10 ml- o f therm ostated solven t ( f i l t e r e d  with  
No*3 sin tered  tube) was p ip etted  out in to  bulb A (shown 
in  fig u re  IV ./?) .  P o sitio n  2 was closed and gen tle  
p o s itiv e  pressure was applied  through p o s itio n  3 , so that 
the solven t was forced  up through the c a p illa r y  0 to  
bulb E« The pressure a t 3 was re lea se d , then p o s itio n  2 
opened and the so lven t column was broken a t B, so th a t  
the solvent began to  flow  fr e e ly  through the c a p illa r y  0 . 
The flow  time was recorded fo r  the solven t to flow  
between the upper and lower marks of the bulb D0 At 
le a s t  four su ccessive  flow  times were measured with a stop ­
watch, which could be read 0 .01  se c .; consecutive flow  
tim es always agreed to w ithin  -0 .1  second and th is  a lso  
checked th at the c a p illa r y  was fre e  from any blockage.
The mean value o f these times was recorded as the flow  
tim e. The viscom eter was drained o f f ,  and in  the case o f  
pure s o lv e n t , dry a ir  was passed through i t , to
remove a l l  traces o f s o lv e n t . For so lu tio n s the viscom eter  
Va'iaUcI
was us-ed with the so lven t several t in e s  and dried  o f f  with
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air® This was then follow ed  by thorough cleaning i f  
n ecessary, o f the viscom eter by washing w ith an a c e tic  
anhydride-perchloric acid  mixture follow ed by water and 
f in a l ly  with acetone. The viscom eter was then dried  by 
passing dried a ir  through i t .
For the determ ination of the v is c o s ity  number 
CD M
the c e llu lo s e  tr ia c e ta te  so lu tio n ,a p p ro x im a te ly  0 .5  g
per #3-1. was f i l t e r e d  and 10 ml of the thermo stated  so lu tio n  
was tran sferred  into the viscom eter. The flow  times were 
measured as described e a r lie r  and then 5 ml o f thermo­
sta ted  solven t was added to  bulb A . The so lu tio n  was 
s tir r e d  by bubbling a ir  saturated with solven t vqo our 
through p o sitio n  1 with 2 c lo se d . Four readings were taken  
fo r  the d ilu ted  so lu tio n  and the mean valtie was obtained .
An adequate mixing was shorn by the re p ro d u c ib ility  of 
the readings.. S im ila r ly  the flow  times of polymer 
so lu tion s at 4 -5  d if fe r e n t  concent nations were determined 
by simply making fu rth e r  d ilu tio n s  with known volumes o f  
s o lv e n t .
r
R esults
The r e s u lts  obtained from v isc o sity -c o n c e n tra tio n  
measurements in  chloroform , tetrachloro-ethan^p
Ldichioro-m ethane, m -creso# and formic acid are shown in  
Tables IV .1 -5  and are p lo tte d  in  Figures IV . 1 -5  lo r  
Samples 1 -6  of c e llu lo s e  tr ia c e ta te  fo r  which the m olecular  
weight has already been determined in  Chapter I I I .
-  7 8  -
Table I V .6 shows the m olecular weight (HE) and 
lim itin g  v is c o s it y  number i n )  of the s ix  iam.ples of 
c e llu lo s e  tr ia c e ta te  in  the above solven ts fo r  
evaluation  o f K and values*
-  7 9  -
TABLE I V .1
VISCOSITY -  CONCENTRATION DATA EOR SAMPLES OF CELLULOSE 
TRIACETATE IN CHLOROFORM AT 2 5°0
Sample Conen. g */d lo
Flow time 
in  s e c s .
V isc o s ity
number
* - v V
i 0 7 0 . 6
0 .3 5 0 6 1 7 2 . 1 4 .1 0 0 6 Slope = 3 -730
0 .2 3 3 8 1 2 9 .2 3 .5500
0 .1 7 5 3 1 1 2 .3 3 -6660 jnl = 2 . 7 5 8
0 .1 16 9 9 6 .9 3 .1540 ' j/
0 .0 8 7 6 8 9 -9 3 .1210 1ft = 0 .4 9 0
2 0 7 0 .6 —
0 .8 2 0 0 355-5 4 .921 Slope = 3 -248
0 .5 47 7 2 2 8 .7 4 .0 9 6
0 .4 1 0 0 174-o 3 3 -582 (ni = 2 .2 4 8
0 .2 7 3 3 1 3 0 .7 3 -115
0 . 2 0 5 0 113-1 2 .9 3 5 k '  = 0 .6 4 9
3 0 7 0 .6 —
1 .0 2 9 4 2 7 4 . 7 2 .8 0 8 4 Slope = 1 ,3 0 6
0 .5 14 7 1 4 6 .8 2 .0 9 6
0.3431 1 1 7 -0 1 .9 15 in) = 0 ,4 5 3
0 .2 5 7 3 1 0 3 . 2 4 .7 9 5 • V
0 .1 2 8 6 8 5 -5 4 .641 k ' = 0 ,6 1 8
4 0 7 0 . 6
0 .4930 1 1 6 .6 1 0 3220 Slope = 0 ,541
0 .3 28 7 99 -6 1 .2 4 9 6
0 .2 46 5 9 1 -2 1 .1 8 3 7 f n ]  =  1 .0 6 5
0 .1 6 4 3 8 9 -6 1 -1638 K If  '
0 .1 23 2 8 0 .5 1 -1380 1 f t  «  0 .4 7 6
5 0 7 0 . 6
1 .0 2 1 0 1 3 8 .2 2 4-9578 Slope =  0 .2 1 4
0 .6 8 0 6 1 1 1 .2 6 4-5759
0 .5 1 0 6 1 0 0 .4 0 1 .4221 f nj =  0 0 7 1 3
0 .3 4 0 3 8 9 -5 8 1 .2 6 8 8 i f  ' ^
0 .2 5 5 2 8 4 .4 5 1 .1962 1 f t  =  0 .4 2 0
6 0 7 0 .6 —
1 .0 00 0 1 2 7 . 7 2 0o8091 Slope =  0 .1 7 4
0 . 7 5 0 0 111 .11 0 .6751
0 . 5 0 0 0 9 6 .0 9 0 . 7 2 2 0 fn] = 0 .6 3 4
0 . 2 5 0 0 8 2 .5 0 0 .6 7 8 0
0 .1 2 5 0 7 6 .3 9 0 .6 5 6 0 k '  =  0 ,4 6 4
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DETERMINATION OF L.V.N OF THE SIX SAMPLES IN CHLOROFORM AT 25°C
1
CONCENTRATION g0/dl„
FIG. IV. 1
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T A B L E  I V . 2
V I S C O S I T Y  -  C O N C E N T R A T I O N  D A T A  E O R  S A M P L E S  O E  C E L L U L O S E
T R I A C E T A T E  I N  I E T R A  C E L  O R  Q - E T H A N E  A T  2 5 ° C
Sample Concrug . / d l .
Flow time 
in  s e c s .
V is c o s ity
number
r w v
1 0 85*75 _
0 .4 27 3 267*07 4 .9 48 5 Slope 4.4-29
0.34-18 2 1 8 .2 8 4 .5 2 1 8
0 .2 4 4 2 171*67 4 .1031 h = 3*0890 . 2 1 3 7 1 5 7 0 0 3 .9109
0 .1 70 9 1 4 2 .2 0 3 .8520 k ' = 0 .4 8 2
2 0 85*75 —
0 . 6 0 7 0 5 3 0 .7 0 4.694-5 Slope ss 3*429
0 .4 0 4 7 2 2 4 .4 0 3*9953
0 .3 03 5 179*28 3 -5938 f ri! =s 2 .6 0 20 .2 4 2 8 157*33 3*4380
0 .2 02 3 143.51 3*3296 k* = 0 . 5 0 6
3 0 85*75 —
0 .9 1 4 0 3 06 .3 0 2 .8 1 4 0 Slope = 1 .2 9 3
0 .4 5 7 0 173*05 2 . 2 2 7 7
0 .3 0 4 7 139*42 2.054-1 0 ! ss 1*6350 .2 28 5 123*74 1 .9269
0 .1 8 2 9 1 1 4 .8 4 1 .8 5 5 8 k ' = 0.483-
4 0 85*75 —
0 .8101 2 0 0 .3 8 1 . 6 5 0 1 Slope - 0*525
0 .5 4 0 0 1 5 5 * 6 8 1 . 5 1 0 2
0 .4 0 5 0 135*68 1.4401 fn ] =: 1 .226 .
0 . 2 7 0 0 1 17 -47 1.3701
0 .2 02 5 1 0 8 .8 5 1.3301 k f rt 0 .3 4 9
5 0 85*75 —
1 . 0 6 9 6 1 7 8 .3 5 1 . 0 0 9 6 Slope = 0 .2 4 7
0.7131 1 4 2 .5 6 0 . 9 6 1 8
0 .5 3 4 8 1 2 6 .4 6 0 .8 87 7 fn l =: 0 .7 5 8
0 .3 5 6 5 171*42 0 .8 3 9 7 * IA
0.2674- 1 0 4 .5 7 0 .8 2 0 8 k ! - 0 .4 2 9
6 0 85*75
0 . 9 2 0 0 1 5 3 * 6 0 0.8601 Slope = 0 .2 3 4
0 . 6 1 34 1 2 7 .0 4 0 . 7 8 5 0
0 .4 6 0 0 115*34- 0 .7 5 0 2 f n ] =: 0 .6 4 3
0 .3 0 6 7 1 0 4 .5 6 0 .7 15 2
0 .2 3 0 0 99*52 0 .6 9 8 2 k* 0 .5 6 7
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DETERMINATION OF L.V.N, OF THE SIX SAMPLES IN TETRACHIDRO ETHANE AT 25 C
FIG. IV. 2
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TABLE IV * 3
VISCOSITY -  CONCENTRATION DATA FOR SAMPLES OF CELLULOSE 
TRIACETATE IN DIQHLORO-METHANE AT 25°C
Sample Concn * g . / d l .
Flow time 
in  secs*
V is c o s ity
number
r ' i o Y o 0
1 0 60*85
0 * 2 2 5 0 1 1 7 .5 6 4 .1421 Slope = 3 -21 6
0 * 1 5 0 0 96*46 3-9012 r
0 .1 12 5 86*73 3-7806 (u i s 3 -418
0 * 0 7 5 0 7 7 -5 6 3-6612
0 * 0 5 6 2 7 3 -1 7 3-5985 k 1 = 0*275
2 0 60*85 —
0*4206 1 5 5 -5 8 3-7012 Slope = 1 * 9 6 8
0*2804 119 -38 3-4301
0*2103 102*95 3 -2894 := 2*875
0*1402 8 7 -7 3 3-1502
0 * 1 0 5 0 80*54 3-0815 k ’ 0 * 2 3 8
3 0 60*85 _
0*4802 131 - 24 2*4088 Slope = 1*178-
0 * 3 2 0 1 104*41 2 .2 3 6 5
0*2401 92*09 2 * 1 3 8 2 L i; =: 1 * 8 5 00*1601 80*82 2 * 0 5 0 1
0 * 1 2 0 1 7 5 -2 8 1-9752 k ‘ = 0*344
4 0 60*85
0 * 9 6 0 1 186*38 2*1487 Slope ss 0*814
0*6401 134*25 1*8845
0*4801 1 1 1 * 9 9 1*7506 h i £= 1 *3640 * 3 2 0 0 92*48 1 .6 24 5
0*2400 8 3 -7 0 1*5647 k ’ = 0*437
5 0 60*85 _
0 * 9 2 0 1 1 1 6 * 5 6 0 . 9 9 5 1 Slope SS 0 * 1 7 2
0*6140 96*05 0 . 9 4 2 1
0 .4 6 0 5 86*51 0 . 9 1 5 6 h i SS 0*835-0*3070 77-42 0 . 8 8 7 2
0 * 2 3 0 2 7 3 -1 0 0 .8 7 4 2 k ' = 0*247
6 0 60*85 —
0*8106 105 -30 0 * 9 0 1 0 Slope cs 0*181
0*5404 88*81 0 * 8 5 0 2
0*4053 81 *20 0*8250 [0 ] = 0*7460 * 2 7 0 2 74*04 0 .8 0 2 0
0*2026 70*59 0*7896 k' = 0*324.
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DETERMINATION OF L.V.N OF THE SIX SAMPLES IN DICHIORO MEYANE AT 25 C
CONCENTRATION g./dl.
FIG. IV. 3
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TABLE IVo4
VISCOSITY-CONCENTRATION DATA FOR SAMPLES OF CELLULOSE 
TRIACETATE IN m-CRESOL AT 25°C
Sample Concn. g . / d l .
Flow time  
in  s e c s .
V isc o s ity
number
T % /rio°
1 0 7 2 .2 5
0 .2 1 0 4 158 .11 5*6481 Slope = 7*375
0 .1 4 0 4 1 24 .1 5 5*1 63
0 . 1 0 5 2 1 0 9 .2 8 4 .8721 K j
1
= 4 . 0 9 1
0 . 0 7 0 1 95*57 4 .6 0 2 2
0 .0 5 2 6 89*30 4 .4 8 6 4 k 0 .441
2 0 79*53
0 .4 20 2 2 3 3 .1 2 4 .5 9 6 0 Slope = 3 -5 7 4
0 .2 8 1 4 1 7 1 . 1 1 4 .0 9 2 0
0 .2101 143*59 3*8340 IAJ
1
= 3*088
0 . 1 4 0 7 119*59 3*5801
0 .-0 5 0 10 8 .6 0 3*4801 k = 0 .3 7 4
3 0 7 2 .2 5
0 . 9 2 0 0 2 9 0 .2 7 3*2801 Slope 1 .3 8 2
0 .6 1 3 4 1 9 8 .2 5 2 .8 4 3 0
0 .4 6 0 0 159*82 2 .6 3 5 0 1 = 1 .9 9 4
0 .3 0 6 7 1 2 5 .8 7 2.4201 L v Jt
0 . 2 3 0 0 1 1 0 .8 0 2 . 3 2 0 1 k -- 0 .3 5 0
4 0 7 9 .5 3
0 .9601 2 8 8 .7 5 2 .7401 Slope 5= 1 .2 2 0
0.6401 1 9 8 .6 5 2 0 3401
0 .4 8 0 '1 1 6 1 .6 2 2 .1501 j> ]
1
= 1 .5 6 4
0 . 3 2 0 0 129*31 1 .9 56 0
0 .2 4 0 0 1 1 5 .0 3 ’• .8601 k 0 .4 9 8
5 0 7 2 .2 5
0 . 9 2 1 0 1 5 2 .9 0 1 .2 12 0 Slope 0 .3 7 0
0 .6 1 4 0 120*87 1 .0 9 6 0
0 .4 6 0 5 1 9 6 .3 2 1 .0242 f ^ l 0 .8 6 7
0 .3 0 7 0 9 4 .1 4 0 .9 8 7 0 1
0 .2 30 2 8 8 .1 5 0 .9 5 6 0 k =
<q0O
6 0 79*53
0 .9 4 2 0 155*35 1 .0 12 0 Slop:. 0 .2 6 0
0 0 6280 125*78 0 .9 26 0
0 .4 7 1 0 1 1 2 . 5 0 0.8801 fn  ] = 0*763
0 .3 14 0 1 0 0 . 7 1 0 .8 4 8 0 \ v- \
0 .2 35 5 95*04 0 .8 2 8 0 k = 0 .4461
-  86  -
DETERMINATION of L.V.N OF THE SIX SAMPLES IN m-CRESOL AT 25°C
CONCENTRATION g./dl.
FIG. IV. 4
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VISCOSITY
TABLE IV *5
CONCENTRATION DATA EOR SAMPLES OP CELLULOSE
TRIACETATE IN EORMIO ACID AT 25 C
Sample Ooncn. g */ d l *
Plow tim e 
i n  secs.
V is c o s it y
number
0 1 1 2 .6 8
0 . 2 2 5 0 338 .3 6 8 . 9 0 1 2 Slope = 1 3 - 1 5 3
0 . 1 5 0 0 2 4 6 .2 2 7 -9004
0 .1 12 5 2 0 6 .5 8 7-4067 N = 5 . 9 3 50 .0 7 5 0 171 -17 6 . 9 2 0 7
0 .0 56 25 1 5 5 -0 6 6 0 6862 k 1 = 0 .3 7 3
0 1 1 2 .6 8 _
0 .4 2 0 6 4 0 0 .7 5 6 .0 78 2 Slope = 5 -0 5 5
0 .2 8 0 4 2 81 .3 5 5-3385
0 .2 1 0 3 1 8 6 .1 6 4 .9 8 7 6 \'n} 3-938
0 .1 40 2 1 8 6 .1 6 4 .6 5 1 2 {/J
0 . 1 0 5 0 165 -72 4.4821 k ' = 0 .3 2 6
0 1 1 2 .6 8 ...
0 .9 6 0 6 6 7 0 .3 7 5 -1523 Slope = 2 .2 4 0
0 .6 4 0 4 4 3 9 -7 6 4 .5 3 2 6
0 .4 8 0 3 3 3 6 .8 6 4 .1421 f n l r= 3-040
0 . 3 2 0 2 2 4 8 .4 4 3-7625
0.2401 2 0 8 .2 8 3-3327 k ’ = 0 .2 4 2
0 1 1 2 .6 8 —
0 .9 7 2 0 4 4 6 .7 3 3 - 0 5 0 0 Slope = 1 -3 9 7
0 .6 4 8 0 3 0 4 .8 6 2 .6 3 2 0
0 .4 8 6 0 244.11 2 .4 0 0 2 1 i l l 1 .7 0 8
0 .3 2 4 0 1 9 2 .2 8 2 .1 8 0 3
% V j
0 .2 4 3 0 167 -83 2 .0 1 4 0 k 1 = 0 .4 7 8
0 1 1 2 .6 8 —
0 .9 2 1 0 2 5 0 .8 3 1 .3 3 1 2 Slope 0 .391
0 .6 1 4 0 196.41 1.2101
0 .4 60 5 1 7 2 .3 6 1 .1501 iV i = 0 .9 6 90 .3 0 7 0 15 0 .3 9 1 . 0 9 0 1 1.. v j
0 . 2 3 0 2 1 4 0 . 1 9 1 .0 6 0 3 k f = 0 .4 0 4
0 1 1 2 .6 8 —
0 .9 3 0 6 2 2 0 .4 8 1 . 028C S lo  oe - 0 .1 8 5
0 .6 2 0 4 1 8 0 .5 3 0 .9 7 0 6
0 .4 6 5 3 1 6 2 .0 8 0 .9 4 2 2 h i ss 0 .8 5 5
0 . 3 1 0 2 144 .61 0 .9 1 3 6 m V  -
0 .2 3 2 7 1 3 6 .2 3 0 .8 98 2 k f ss 0 - 2 5 3
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LoVoNo AND MOLECULAR WEIGHT BATA FOR CELLULOSE 
TRIACETATE SAMPLES IN DIFFERENT SOLVENTS AT 25°C
'I : ' T A B L E  I V .  6
Solvent Sample t +log lo g  fin
Chloroform
Tetrachloro-
methane
Diehl orpine thane 1
m -Cresol
Formi^acid
1 2 .7 5 8 0 1 .4 4 0 4
2 2 .2 4 8 3 1-3518
3 4 -4535 1 . 1 6 2 5
4 4 .0 6 5 6 ■1.0275
5 0 .7 4 3 7 0 .8 5 5 4
6 0 .6 3 4 3 0 . 8 0 2 3
K  = 2 .0 6 6  x  1 0 '
3 - 0 8 9 0 1 .4 81 3
2 2 .6 0 2 9 1 .4155
3 4 .6 3 5 8 1 . 2 "! 3 7
4 1 .2 26 2 1 .0885
5 0 .7 5 8 6 0 .8 8 0 0
6 0 .6431 0 .8 08 2
K = 2 . 7 0 1  x 1 0 '-5 /
3 -4186 4 -5338
2 2 .8 7 5 2 1 .4 58 7
3 1 .8505 1 .2673
4 1 .3 6 4 7 4 .1350
5 0 .8 3 5 4 0 .9219
6 0 .7 4 6 5 0 .8 73 0
K  » 3 - 3 1 0  x  1 0 " cft
1 4 .0 7 9 7 1 . 6 1 1 7
2 3-0889 1 .4897
3 1 .9 9 4 8 1 .2999
4 1 .5648 1 .1 9 4 4
5 0 . 8 6 7 2 0.9381
6 0 .7 6 3 8 0 . 8 8 3 0
K  = 1 . 3 6 2  x 1 0 " cK
xi1 5 -9352 4-7735
2 3-9381 4-5952
3 3-0405 1 .4 81 4
4 1 .7 08 5 1 .2 3 2 4
5 0 .9 6 9 8 0 .9 86 7
6 0 .8 5 5 7 0 .9 3 2 4
K  = 3 -57 7  x 1 0 "'6 cX
1 5 0 , 2 6 0
128 .345
81,031
58,741
3 5 ,078
34 ,763
5 -17 68  
5 -10 83  
4 .9 0 8 6  
4 .7 6 8 9  
4 .5451  
4 .5 0 1 9
0 -9 9
1 5 0 , 2 6 0  
128 ,3^5  
8 1 , 0 3 1  
58,741  
3 5 ,078  
3 1 ,76 3
5 -1768
5 -1 0 8 3
4 .9 0 8 6
4 .7 6 8 9
4 .5451
4 .5 0 1 9
0 .9 8
1 5 0 , 2 6 0  
128 ,345  
8 1 ,031 
58,741  
35 ,078  
3 1 ,763
5 -17 68
5 -10 83
4 .9 0 8 6
4 .7 6 8 9
4 .5451
4 .5 0 1 9
0 -9 7
1 5 0 , 2 6 0  
428 ,375  
8 1 , 0 3 1  
58,741  
35 ,07 8  
31 ,763
5 -1768  
5 -1083  
4 .9 0 8 6  
4 .7 6 8 9  
4 .5451  
4 .5 0 1 9
1 .0 5
1 5 0 . 2 6 0  
128'.345  
8 1 ,031 
58,741  
35 ,078  
31 ,763
5 -1768  
5 -1083  
4 .9 0 8 6  
4 .7 6 8 9  
4 .5451  
4 .5 0 1 9
= 1.20
-  90 -  • j
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PLOT OF LOG. L .V .N  AG AINST LOG. Mn FOR THE S IX  SAMPLES OF
FIG. IV. 6
Figures IV . 1 to 5 i l lu s t r a t e  the e f fe c t  of c e llu lo s e  
tr ia c e ta te  m olecular weight on the v is c o s it y  number versus 
concentration p lo t s . tPhe p lo ts  are l in e a r  over the 
concentration range studied ±1 each resp ective  so lv e n t.
i
The values o f k in  Tables 1 to  4 are n early  the
same fo r  most of the sampler of c e llu lo s e  t r ia c e t a t e , and
agree approxim ately with the value obtained by Moore and 
(142 )RusselD 7 fo r  a s in g le  m olecular weight sample 
(Mn « 4 9 ,0 0 0 ) , fo r  chloroform  ( 0 .3 6 ) ,  te tr a c h lo r o -  
ethane ( 0 .5 3 ) ,  dichloro~methane ( 0 . 3 2 ) ,  and m -cresol 
(0 .5 0 )  r e s p e c tiv e ly . Values fo r  k fo r  formic acid  
in  the range 0 .2 4 -0 .4 2  and are thus c lo se  to  Moore and 
Russell’ s value fo r  d i chi or o-meth ano. The present r e s u lts
1
show th at k i s  not a constant value fo r  the various  
m olecular weight samples stu d ied , which has a lso  been
( ■'j ZLp ) I
reported fo r  other polymers^ This v a r ia tio n  in  k
(Tables 1 to  5 ) does not appear to be Only c h a ra c te r is tic
o f unfractionated m a te r ia l, since a s im ila r  random
spread of values was reported in  the case o f polystyren e  
C *158 ^fr a c t io n s v I t  i s  thus c lea r  from the r e s u lts  in
?
Table* *1 to 5 th at v a r ia tio n  in  k can not be a ttr ib u te d
in  any way to  d iffe re n c e s  in  preparation conditions between
!
p a rtic u la r  sam ples, sin ce  k v a ries  quite  randomly in  
a l l  so lv e n ts .
t
The v a r ia tio n  in  k fo r  a p a rtic u la r  solven t system  
can not be explained at p resen t. Many authors
D i s c u s s i o n  o f  R e s u l t s
s t i l l  consider th at the d e fin it io n  o f constant k as 
the "in te r a c tio n  con stan t" i s  inadequate, as evidenced in  
p a rtic u la r  by the fa c t  th at i t  is  not r e a l ly  constant 
even fo r  d iffe r e n t  m olecular weight m aterial in  the same
(iAO /] /IQ ~)
so lv e n tv 7 '•  I t  should be pointed out th at the slopes
of the stra ig h t lin e s  which express the re la tio n sh ip  o f  
the reduced v is c o s it y  to the concentration are proportion al 
fro i f  k is  co n sta n t. Por th is  reason , the in crease
in  the m olecular weight i s  not only accompanied by an 
increase in  the value of f'fll* the slcpes formed by the
stra ig h t lin e s  with the concentration a x is  should also  
become ste e p e r . This i s  g en era lly  found in  the present 
work (Tables I V .1 -5 )  although k i s  n ot s t r i c t l y  con stan t.
I t  can be seen from Table I V .6 that the value o f c>< is
about the same fo r  the three so lven ts chloroform , 
tetrach ioro -eth an e  and dichloro-m ethane, but the value o f  
K in creases in  th is  order. Both m -cresol and form ic acid  
give appreciably higher values fo r  oi. , both greater than 
unity and have correspondingly lower K values;.. frhe 
h igh est value fo r  c< being observed in  the case qf form ic  
acid  ( 1 .2 0 ) .
The r e la t iv e ly  high value fo r  s found fo r  these
s o lv e n ts , in d ica tes  th at the c e llu lo s e  t r ia c e ta te  m olecules
are considerably extended in  so lu tio n , due to  considerable  
polymer so lven t in te ra c tio n  (or so lv a tio n ) taking p la c e . 
This is  in  keeping w ith reported fin d in gs of other workers 
fo r  c e llu lo s e  d e r i v a t i v e s ^ . I t  seems l i k e ly  that the  
c e llu lo s e  tr ia c e ta te  chain i s  more extended in  m -cresol 
and form ic acid so lv e n ts , as compared to th e  f i r s t  th re e .
-  9 2  -
t
-  9 3  -
(Table I V .6 ) .  This i s  shown by tho order of the mean
square and to end d istan ce  ( r 2 ) fo r  the h igh est m olecular
weight sample (Mn = 1 5 0 ,0 0 0 ) , in  various so lv e n ts .
In chloroform , te tra c h lo ro -e th a n e , dichloro-m ethane,
m -c re so l, and form ic a c id , the value fox' r 2 in creases in
the order, 3 -38 6  x  10“ , 3 -6 0 4  x  10“ : 1, 3 -90 6  x <0“ ! 1,
4 .4 0 2  x  10“ 1 1 and 5 -6 4 4  x 10 ! ! cm, ca lcu lated  from
t> /p
equation  ^ ^
1^1= —— ----------  in  Chapter I .
There appears to be no reference in  the l i te r a tu r e
to IC -and values in  the above so lven ts except fo r
chloroform . Sharpie and M a jo rf14*^  in  a study of
unfractionated c e llu lo s e  tr ia c e ta te  samples Hn:8 4 ,COO-
366, 000) in  chloroform  a t 2 5 ° 0  obtained valu es of
2 .5 '! x 10 ^ and '. .0 2  i  0 .0 3  fo r  IC and <?< r e s p e c tiv e ly .
The only other papers^ ^ 5 ,  146) ^ ^ c h  have been published
on th is  work, were again fo r  chloroform  at 2 5 °G , and
gave the value o f 3 -8  x 1 0 "^ , and 0 .7 4  fo r  IC and
IC and oi values fo r  wood c e llu lo s e  tr ia c e ta te  were reported
~c
as 2 .2  x 10 ^ and 0 .9 5  r e s p e c tiv e ly , fo r  the fra c tio n a te d  
m aterial (Mn 1 3 ,6 0 0 -1 3 0 ,0 0 0 ) , a t 2 5 °0 . I t  can be seen  
(Table I V .6) th at the valu es fo r  IC and fo r  chloroform
in  the present work can be compared with those reported* 
© a rlie r*
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C H A P T E R  V
DETERMINATION OP LIMITING VISCOSITY NUMBER BY A 
SINGLE POINT METHOD
-  9 5  -
During degradation stu d ies of c e llu lo s e  tr ia c e ta te  
so lu tio n s , i t  was necessary to convert v is c o s ity  
measurements to m olecular weights® This in volves  
evaluating the lim itin g  v is c o s ity  number at various times 
and i t s  subsequent conversion to a m olecular weight 
value using the Mark-Houwink relationship®  A method was 
th erefore  required fo r  ca lcu la tin g  the lim it in g  v is c o s it y  
number from a sin g le  v is c o s it y  value obtained a fte r  
various times fo r  the polymer solution® This has 
freq u en tly  been done by making measurements on a d ilu te
th is  approxim ation, and allow s the lim itin g  v is c o s it y  
number to be ca lcu lated  d ir e c t ly  from a s in g le  v is c o s ity  
measurement a t a given polymer concentration® In the 
present work, Maron's method was s u c c e ss fu lly  applied  
to  v is c o s i t ie s  in  mixed solven t systems a t d iffe r e n t  
temperatures ®
The method in volves the mathematical treatment o f  
the p lo ts  of ^Sp /°  again st c and th e ir  extra p olatio n  
to  c = Oo In the region  of l in e a r it y  the equations of 
these p lo ts  can be expressed as fo llo w s :
so lu tio n  and equating the v is c o s ity  number 
obtained, to  the lim itin g  v is c o s it y  number u t
such a procedure is  o n ly  a very approximate one®
(a H cJ\
Maron y has described such a method, which avoids
(v .1 )
( V „ 2 )
w h e r e  A  a n d  B  a r e  c o n s t a n t s „ P u t t i n g
'i » A/B (Vo 3)
then m u ltip lyin g equation (V .2 )  "by }( , g ives the 
r e la tio n s h ip :
( Y i n  Yl r )/c = X  -  Ac (V .4 )
adding equations (V .1 )  and (V .4 )  we g e t :
( V o) + (}ln%)/0 = (1
and th erefore
I ' L  f p / c  + ! - Y ( ln '? r ) / c )
= -----------------------------------p - - - ^ -----------------------------------
L p  + ^ l n L  .
" ') C------  ( T "5)
I t  is  a w ell known fa c t  th at the constants A and B are 
re la te d  to  the lim itin g  v is c o s it y  number by the equations
-  9 6  -
h j)  ( J . 6 )
B = ki Ml (v.7)
f
where k  ^ and k  ^ are constants independent of m olecular 
w eight. Prom equation (V .6 )  and (V .7 )  i t  fo llow s th a t :
Y  = A/B = 1 ^ /lJ  (V .8 )
and hence fo r  each polym er-solvent system at a given  
tem perature, ^  should be a con stan t, independent of 
m olecular w ight. T herefore, i f  %  were determined on one 
sample of a polymer in  a given so lv n e t, the same value 
of should apply to  a l l  other m olecular weight sam ples, 
and equation (V .5 )  should be s u ff ic ie n t  to y ie ld  from
a sin g le  v is c o s it y  measurement.
The parameter %  i s  obtained re a d ily  from a p l o t , 
such as shown in  Figure V.1 , simply by measuring the 
ra tio  of the two s lo p e s . Once th is  parameter i s  a v a ila b le  
s in g le  point c a lc u la tio n s  can be made from v is c o s ity  
measurements by means o f equation (V .5 )*
Experimental
The experimental procedure in  th is  work was the  
same as th at in  Chapter IV fo r  v is c o s ity  measurements at 
d iffe r e n t  concentrations o f c e llu lo s e  tr ia c e ta te  
so lu tio n s . A ce tic  anhydride-chloroform  mixtures were 
used as s in g le  so lv e n ts  at various tem peratures.
Resuits
The r e su lts  are shown in  Tables V.1 and 2 , fo r  
Sample 3 and in  Tables V....3 and 4 fo r  Sample 6 a t 25°C , 
the concentration of a c e tic  anhydride used was 1 .0 5 8 ,
1 .589? 2 .1 1 6  and 3*174 M in  chloroform . The v is c o s ity  
r e su lts  fo r  c e llu lo s e  tr ia c e ta te  Sample 3 in  so lu tio n s  
of 2 .1 1 6  and 3*174 M a c e tic  anhydride in: chloroform  
at 15°? 2 0 ° , 30° and 40°C are shown in  Tables y . 5? 6 ,
7 and 8 and in  Tables V. 9? 1 0 , 11 and 1 2 , fo r  sample 6 .  
A ll  the r e s u lts  are shown in  d u p lica te .
The K and oC values at these temperatures fo r  
c e lltilo se  tr ia c e ta te  in  the above com position mixtures , 
and slope ra tio s  ( = A /B ) and lim itin g  v is c o s it y
numbers are shown in  Table V .1 3 . The K , and >( values  
are the mean o f duplicate runs fo r  the sam ples. The K
-  9 7  -
-  9 8  -
and ft values in  mixed so lven ts were obtained by so lv in g  
the two simultaneous Mark-Houwink equations fo r  
,§ampler 3 and fo r  6 , using the resp ective  values fo r  
[ r/J and Mn. Samples 3 and 6 had m olecular weights 
(Chapter I I I ) . o f  3 2 ,0 0 0  and 8 1 ,00 0  r e s p e c tiv e ly .
Only the v is c o s it y  r e su lts  fo r  Sample 3 of 2 .1 1 6  M 
a c e tic  -anhydride a t 2 5 ° 0  are shown in  Figure V .1 .
-  9 9  -
T A B L E  V . 1
V I S C O S I T Y - C O N C E N T R A T I O N  D A T A  F O R  C E L L U L O S E  T R I A C E T A T E
( S a m p l e  3 )
IN MIXED SOLVENTS AT 25°C
Molar concn.
AcgO in  Concn.c
chloroform  S - / d l -
V isc o s ity  
Flow tim e Number (a )  
in  s e c s . c Cb)
1 . 0 5 8 0 8 0 .7 0
1 . 0 0 0 0 313-52 2 . 8 8 5 0 1 -3573
0 .8 00 0 2 5 3 - 0 2 2 .6691 1 -4283
0 .6 00 0 1 9 7 .1 6 2 .4 05 2 1 .4885
0 .4 00 0 153-17 2 .2 4 5 0 1 .6022
0 . 2 0 0 0 1 12 .6 3 1 -9783 1 .6675
(a)S lop e = 1 . 1 2 1 . In tercep t = 1 . 7 8 8  ' Slope R atio=2 .516
(b)Slope = 0 .4 4 5 In tercep t = 1 . 7 8 8  ' In tercept
(average) =1 . 7 8 8 .'
1 -587 0 8 3 - 6 0
1 .0031 352 .62 3-2080 1 .4350
0 . 6 6 6 8 234.51 2 . 7 0 7 2 1 .5 4 6 8
0 . 5 0 0 1 187-36 2 .4 8 1 8 1 . 6 1 3 5
0 .3 3 3 4 145-52 2 . 1 2 1 7 1 .6 62 6
0 . 2 5 0 8 ■128.08 2 . 1 2 1 7 1 .6 97 0
(a)S lope = 1 .1 1 4 - In tercep t = 1 . 8 5 6 Slope R atio=3-0887
(b /S lop e  =--0 . 3 6 0  • In tercep t = 1 .8 55 In tercep t
(average) =1.8564
2 .1 1 6 0 8 8 .7
1 . 0 0 0 0 4 0 1 .2 7 3 , 5 2 3 9 1 .5 0 9 4
0 .8 0 0 0 3 11 .42 3 . 1 3 8 6 1 .5 69 8
0 .6 0 0 0 2 3 6 .6 4 2 , 7 7 9 8 1-6355
0 .4 0 0 0 176-71 2 .4 8 0 5 1 .7 22 8
0 .2 00 0 127 -34 2 .1781 1 .8075
(a)Slope = 1 .4 8 8  - In tercep t = 1 .8 9 4 Slope R atio=3-778
(b)Slope =--0 .3 9 2  7 In tercep t = 1 .895 In tercep t
( aver ag e ) =1 .'894:.?
3 .1 7 4 0 9 7 -6 — _
1 .0000 503-62 4 .1 6 0 0 1 .6409
0 .8 00 0 381 .62 3-6375 1 .7 0 4 4
0 .6 00 0 2 84 .6 3 3 -1938 1 .?840
0 .4 00 0 2 0 6 .5 4 2 . 7 9 0 5 1 .8 73 8
0 .2 0 0 0 144 .5 7 2 .4 0 6 3 1 .9635
(a)S lop e = 2 .1 1 0 . In tercep t = 2 .0 2 7 . Slope R atio=5-1287
(b)Slope =--0 .411 In tercep t = 2 .0 2 6 In tercep t
= 2 . 0 2 7
-  1 0 0  -
T A B L E  V . 2
VISCOSITY-CONCENTRATION DATA FOR CELLULOSE TRIACETATE
(Sample 3) IN MIXED SOLVENTS AT 25 0
Y U n  fa n0n" Concn.c Plow time V isc o s ity  Ac20 m  . . number (a ) c^ g./ar. rn s e c s . / \
chlorofonn + vo/ to x '
1.058
1*587
2 .1 1 6
3 o"74
0
1.0000 
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0.2000
(a)S lope s
(b)S lope s
0
1 .0 0 4 4
0.6698
0 . 5 0 2 2
0 .3 3 4 8
0 . 2 5 1 1
(a )S lop e = 
£b)Slope =
0
1.0000
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0.2000
(a )S lop e = 
('b ;Slope =
0
1.0000
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0.2000
(a)S lope =
(b)S lope =
8 0 .7 0  
3 1 3 0 2  
253*06  
197*24  
152 .8 2
1 12 .6 5
1 .1 3 8
-0 .4 5 6
83*60
352 .62
234 .7 5
187*32
145*72
1 2 8 .2 4
1 .1 1 6
-0*370
8 8 . 7 0
399*72
311*28
2 3 6 0 2
167*67
127 .35
1 .6 0 5 ,
-0 .427
97*60
5 0 4 .2 7
382.16
2 8 4 .6 5  
206.58 
144.61
2 0 - 3 2
-0 .478
2 .8 8 3 8  1 .3 5 6 7
2 .6 6 9 8  1 0 2 8 5
2 .4 0 6 8  1 0 8 9 3
2 .2 3 4 3  1 .5 9 6 8
1*9795 1*6680
In tercep t = 1„789 Slope R atio=2„495  
In tercep t = 1 .7 8 8  In tercep t
( average) =1.781
3*2038 1 .4331
2 .6 9 9 3  1*5414
2 .4 7 0 5  1 .6065
2 .2 1 9 4  1 .6 59 5
2 .1 2 6 5  1 .7041
In tercep t = 1 .851  Slope R atio=3.009
In tercep t « 1 .851  In tercep t
(average) =1 . 8 5 1
3*5064 1 .5 0 5 4
3*1367 1 .5691
2 .7 7 5 7  1*6388
2 .4 7 9 5  1 .7 22 5
2 .1 78 5  1*8075
In tercep t = 1 .9 0 2  Slope R atio=3 .752
In tercep t = 1 .9 0 2  In tercep t
(average) =1 .902
4 .1 6 6 7  1 .6422
3*6445 . 1 .7061  
3*1942 1 .7 84 0
2 .7 9 1 5  1*8745
2 .4 0 8 5  1*9660
In tercep t = 2 .0 1 6  Slope Ratio=5*0S3
In tercep t = 2 .0 1 6  In tercep t
(average) = 2 .0 16
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( S a m p l e  6 )
TABLE V .3
VISQOSITY-QQNGENTRAIION DATA. EOR CELLULOSE TRIACETATE 
IN MIXED SOLVENTS AT 25°C
Molar Goncn. 
Ac^O in
chloroform
Ooncn.c Flow time ^~r^vg . /d l  = number (a )in  secs
O D
1 .0 5 8 0
1 .0 00 0  
0 .8 00 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
8 0 .7 0
149 -30
1 34 .0 8
119-71
1 0 6 .0 4
93-01
0 .8501
0 .8 2 6 8
0 .8 0 5 6
0 .7 84 9
0 .7 6 2 8
0 .6152
0 .6 3 4 4
0 .6 56 8
0 .6825
0 . 7 1 0 0
(a )S lop e =
(b)S lope =
0 .1 4 4
-0 .0 5 7
In tercep t
In tercep t
= 0 .7 4 6  
= 0 .7 4 6
Slope Ratio=2„512  
In tercep t  
(average) = 0 .7 46
1 .5 8 7 0
1 .0 00 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 0 0 0
8 3 -6 0
162 .6 2
144 .59
127-75
111 .8 8
9 7 -1 8
0 .9 4 5 2
0 .9 1 2 0
0.8801
0 .8 4 5 6
0 .8 1 2 4
0 .6 65 3
0 .6 84 8
0 .7 06 7
0 .7 26 8
0 -7530
(a)S lop e =
(b)Slope =
0 .1 7 9
-0 .0 5 9
Ih tercep t
In tercep t
= 0 .7 8 8 ' 
= 0 .7 8 8
Slope R atio=3-047  
In tercep t  
(average) =0 .788
2 .1 1 6 0
1 .0 0 0 0
0 .8 0 0 0
0 .6 00 0
0 .4 0 0 0
0 .2 00 0
88 -7 0
1 7 8 .2 6
157 -86
1 38 .5 6
1 2 0 .6 4
103 -98
1 .0 0 9 7  
0 .9 7 4 6  
0 -9369  
0 .9001  
0 .8 6 1 6
0 .6 93 6
0 .7 2 0 4
0 .7 43 3
0 .7 68 8
0 .7 9 3 6
(a)S lop e =
(b)Slope =
0 .1 4 7  ' 
-0 .0 3 9
In tercep t
In tercep t
= 0 .8 2 6  
= 0 .8 25
Slope R atio=3-772  
In tercep t  
(average) = 0 .8 26
3 -174 0
1 .0000
0 .8 00 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 00 0
9 7 -6 0
2 1 8 .7 4
189-20
1 6 2 .3 4
138 .2 3
116 .59
'1.2412  
1 .1 73 2  
1 .1 0 5 5  
1 .0 4 0 8  
0 .9 7 2 8
0 .8069
0 .8 27 3
0 .8 47 7
0 .8693
0 .8895
•. (a )S lop e  = 
(b)S lope =•
0 .2 9 3
-0 .0 5 7
In tercep t
In tercep t
= 0 .9 0 7  • 
= 0 .9 0 6
Slope R atio=5-114  
In tercep t
( a v e r a g e )  = 0 . 9 0 7
-  1 0 3  -
TABLE Vo 4
VISCOSITY-CONCENTRATION DATA EOR CELLULOSE TRIACETATE
(Sample 6)
IN MIXED SOLVENTS AT 25°G
Molar concno 
ACgO in  Ooncn.c
chloroform
V isc o s ity  
Flow time number (a )  
in  se c s , ^ o ' V ( « )
1 .0 5 8 0
1 oOOOO 
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
8 0 .7 0
1 49 -04
134 .0 5
119-71
1 0 6 .0 4
9 3 -0 2
0 .8 4 6 8
0 .8 2 6 4
0 .8 0 5 7
0.7851
0 .0 7 6 3
0 .6133  
0 . 6 3 4 3
0 .6 5 7 0
0 .6825
0 . 7 1 0 0
(a)S lope =
(b)Slope =-
0 .1 9 8
-0 .7 9 2
In tercep t = 
In tercep t =
0 -73 7
O. 7 3 6
Slope R atio=2 .497  
In tercep t  
(average) = 0 .7 37
1-587 0
1 .0 0 0 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 0 0 0
8 3 -6 0
1 6 2 .6 0
1 44 .5 8
1 2 7 . 7 2
1 1 1 .8 6
9 7 -0 8
0 .9 4 5 0
0 .9 1 1 8
0 .8 7 9 6
0 .8451
0 .8 1 2 3
0 .6 6 5 3
0 .6 8 4 3
0 .7 06 2
O. 7 2 7 8
0 . 7 5 2 0
(a)S lope =
(b)Slope =-
0 .141
-0 .0 4 6
In tercep t = 
In t ere <p t  =
0 -78 0
0 .7 8 0
Slope R atio=3-047  
In tercep t  
(average) = 0 .7 80
2 .1 1 6 0
1 .0 0 0 0  
0 .8 00 0  
0 .6 00 0  
0 .4 0 0 0  
0 .2 0 0 0
8 8 .7 0
1 78 .2 3
1 57 -83
1 3 8 .5 4
1 20 .62
103 -98
1 .0 09 5  
0 .9 7 4 2  
0 .9 3 6 4  
0 .8 9 9 6  
0 .8 6 1 5
0 .6 9 7 7
0 .7 2 0 3
0 .7 42 8
0 .7 6 8 0
0 .7 93 5
(a)Slope «
(b)S lope =-
0 .1 2 3 '
-0 .0 3 2
In tercep t = 
In tercep t =
0 -826
0 .8 2 4
Slope R atio=3-753  
In tercep t  
(avei'age) =0-825
3 -17 4 0
1 .0 00 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 0 0 0
9 7 -6 0
2 1 8 .6 3
189-17
162 .5 2
138.21
116 .59
1.2401  
1 .1 7 2 8  
1 .1 0 8 6  
1.0401
0 . 9 7 2 8
0 .8065
0 .8 2 7 0
0-8497
0 .8 6 9 3
0 .8 89 5
(a)S lope =
(b)Slope =-
0 .2 6 3
-0 . 0 5 2
In tercep t = 
In tercep t «
0 .9 0 3
0 .9 0 3
Slope R atio=5-095  
In tercep t  
(average) =0.903- ■
- 104 -
TABLE Vo5
VISCOSITY-CONCENTRATION DATA FOR CELLULOSE TRIACETATE 
IN MIXED SOLVENTS AT 15°C
(Sample 3)
Molar concn. Viscosity L n  n ,,
A c g O  in Concn.c Flow time number (a) c ^
chlorofor S-/ d l - 111 s e o s - JT + /+ C »
2 .1 1 6 0
1 .0000
0 .8 00 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 0 0 0
99*10
533*16
407*50
303*05
2 1 7 .2 3
148 .8 5
4 .3 8 0 0
3*8900
3*4301
2.9801
2 .6 0 1 0
1 .6 82 7  
1 .7 6 7 4  
1 .8 6 2 8  
1 .9 6 2 0  
2 .0 40 5
(a)S lop e = 
(b-)Slope =■
2 .1 8 0
-0 .421
In tercep t = 
In tercep t =
2 .1 1 0
2 .1 1 0
2 .1 1 6 0
1 .0 00 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
99*10
5 2 0 .2 8
4 0 0 .3 6
299*48
2 1 5 .6 4
148 .6 5
4 .2501
3*8001
3*3701
2 .9 4 0 0
2 . 5 0 0 1
1 .6582  
1*7453  
1 .8 43 3  
1 .9 43 8  
2 .0 2 7 5
(a)S lope =
(b)S lope =-
2 .1 0 5
-0 .4 3 0
In tercep t = 
In tercep t =
2 .105 '
2 .1 0 2
3 * 174 0
1 .0 00 0
0 .8 0 0 0
0 .6 00 0
0 .4 0 0 0
0 .2 0 0 0
11 0 .2 0
614 .92
471*66
350 .8 8
249*05
16 9 .3 0
4 .5 7 9 8
4 .1 0 0 4
3*6555
3*1510
2 .6 8 1 0
1.7191  
1 .8 17 5  
1*9350  
2 .0 38 5  
2 .1 46 5
(a)S lope =
(b)S lope =-
2 .0 1 8
-0 .3 5 4
In tercep t = 
In tercep t =
2 .2 0 9
2 .2 0 8
3*174 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 00 0
1 1 0 .2 0
617*97
4 7 0 . 1 9
349 .13
2 4 8 .9 7
169*28
4 .6 0 7 7  
J- .0 8 34  
3 .6 1 3 6  
3*1481 
2 .6 8 0 6
1.7241  
1 .8 13 6  
1 . 9 2 1 8 
2*0373  
2 .1 46 0
(a)S lope =
(b )S lop e =-
1*980
-0 .3 4 7
In tercep t = 
In tercep t =
2 . 1 0 7
2 .0 8 7
Slope Ratio=5»1?2 
Intercept 
(average) =2.110
Slope Ratio=5 
Intercept 
(average) =2
164
111
Slope Ratio=5 *693*7 
Intercept 
(average) =2.158
Int ex'cept 
(average) = 2 . 1 5 8
-  1 0 5  -
TABLE V„6
VIS COS I  TY~ CONCENTRATI ON DATA FOR. CELLULOSE TRIACETATE
M o la r concn , 
AcpO i n
c h lo ro fo rm
( S a m p le  3) IN  MIXED SOLVENTS AT 2 0 ° C
C o n cn .c  F low  t im e  
g . / d l .  i n  s e c s .  °Cb)
2 .1 1 6 0 9 5 -0 0
1 . 0 0 0 0 495-81 3-8401 1-5 7 6 9
Oo80000 3 5 7 -9 7 3 .4601 1 . 6 5 8 1
0 .6 0 0 0 2 7 1 -1 4 3-0 9 0 2 1 .7 4 7 8
0.4-000 1 9 8 .3 6 2 . 7 2 0 0 1 .8 4 0 8
0 . 2 0 0 0 1 3 9 -4 6 2 .3 4 0 0 1 -9 1 9 5
( a ) S lo p e  = 1 .9 6 7 I n t e r c e p t  = 1 .9 9 1
(b )S lo p e  =--0 .4 7 9 I n t e r c e p t  = 1.99C
2 .1 1 6 0 9 5 -0 0
1 . 0 0 0 0 4 6 5 -5 2 3 - 9 0 0 2 1 -5 8 9 2
0 .8 0 0 0 3 6 1 . 0 7 3-5 0 0 9 1 . 6 6 8 8
0  0 600C 273-41 3 - 1 3 0 0 1 - 7 6 1 8
0 .4 0 0 0 1 9 9 - 1 2 2 .7 4 0 0 1 . 8 5 0 2
0 . 2 0 0 0 1 3 9 -4 6 2 .3 4 0 0 1 .9 1 9 5
( a ) S lo p e  = 2 . 0 2 1 I n t e r c e p t  = 2 . 0 1 0
(h )S lo p e  =--0 .4 9 2 I n t e r c e p t  = 1 .9 9 4  ‘
3 -174- 0 1 0 3 - 6 0 __
1 . 0 0 0 0 5 5 6 .3 3 4 .3 6 9 7 1 .6 8 0 7
0 .8 0 0 0 4 2 7 -6 6 3 . 9 1 0 0 1 .7 7 2 3
0 .6 0 0 0 3 1 8 .6 7 3 -4 6 0 3 1 .8 7 3 0
0 .4 0 0 0 2 2 7 -9 0 2 .9 9 9 5 1 .9 7 0 2
0 . 2 0 0 0 1 5 6 .4 3 2 .5 5 0 0 2 0 0605
( a ) S lo p e  = 2 . 0 0 7 I n t e r c e p t  = 2 0 0 9 2
( b )S lo p e  =~-0 .3 7 9 I n t  e r e  ep t  = 2 .0 8 9
3.174- 0 1 0 3 - 6 0 ,_
1 . 0 0 0 0 5 5 2 .9 7 4 .3 3 7 5 1 . 6 7 4 7
0 .8 0 0 0 4 2 6 .7 2 3 -8 9 8 6 1 .7 6 9 5
0 .6 0 0 0 3 1 8 .0 7 3 -4 5 0 3 1 .8 6 9 5
0 .4 0 0 0 2 2 7 - 1 6 2 .9 8 1 7 1 . 9 6 2 8
0 . 2 0 0 0 1 5 6 .3 1 2 .5 4 3 9 2 . 0 5 5 0
( a ) S lo p e  = 2 . 2 1 9 I n t e r c e p t  = 2 . 1 3 8
(b )S lo p e  =--0 .4 2 0 I n t e r c e p t  = 2 . 1 7 5
S lo p e  R a tio = 4 .1 0 7  
I n t e r c e p t  
( a v e r a g e )  =1 . 9 9 1
S lo p e  R a tio = 4 .1 0 2  
I n t e r c e p t  
( a v e r a g e )  =1 . 9 9 7
S lo p e  R a tio = 5 -2 8 9  
I n t e r c e p t  
( a v e r a g e )  =2 . 0 9 1
S lo p e  R a tio = 5 o 2 7 4 ' 
I n t e r c e p t  
( a v e r a g e )  =2 . 1 5 7
-  1 0 6  -
( S a m p l e  3 )
TABLE V .7
VISCOSITY-CONCENTRATION DATA EOR CELLULOSE TRIACETATE
I N  MIXED SOLVENTS AT 3 0 ° 0
M o la r concn , 
ACgO i n
V i s c o s i t y  Ln n  
OoncnoC Flow  tim e  num ber ( a )  c
c h lo ro fo rm  S - / d l ° 111 s e o s " V k / % °  (b )
2 .1 1 6 0
1 . 0 0 0 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 . 2 0 0 0
8 5 * 6
3 7 6 .6 5
289*84
2 2 8 .3 8
170*17
1 2 2 .4 1
3*4001
3*0800
2 . 7 8 0 0
2 .4 7 0 0
2 . 1 5 0 1
1 .4 8 1 6
1*5513
1*6355
1 . 7 1 8 8
1*7885
( a ) S lo p e  =
( b )S lo p e  =■
2 .1 6 8
- 0 .5 9 7
I n t e r c e p t  = 
I n t e r c e p t  =
1 .8 4 2
1 .8 3 7
S lo p e  R a tio = 3 * 6 2 7  
I n t e r c e p t  
( a v e r a g e )  = 1 .8 4 0
2 .1 1 6 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
8 5 . 6 0
3 8 0 . 0 0
299*25
229*40
1 7 0 .5 0
1 2 2 .6 0
3*4392
3*1199
2 .7 9 9 8
2 .4 7 9 5
2 .1 6 0 0
1 .4 9 0 5  
1*5518 
1 .6 4 2 5  
1 .7 2 2 5  
1*7995
( a ) S lo p e  =
( b )S lo p e  =■
2 .1 4 3
-0 .6 1 0
I n t e r c e p t  = 
I n t e r c e p t  =
1 .8 4 7 '
1 .8 4 7 ’
S lo p e  R a tio = 3 °5 0 9  
I n t e r c e p t  
( a v e r a g e )  = 1 .8 4 7
3 * 174 0
1 . 0 0 0 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 . 2 0 0 0
9 4 .5 0
4 7 2 .5 0
3 8 4 .0 5
2 7 4 .2 4
1 9 8 .4 5
1 3 8 .7 2
4 .0 0 1  
3 .8 3 0 8  
3*1693 
2 . 7 5 1 2  
2 .3 3 8 5
1 .6 0 9 4  
1 .7 5 2 8  
1*7753 
1 .8 5 4 7  
1 .9 1 7 0
( a ) S lo p e  =
( b )S lo p e  =■
4 .2 8 4
- 0 . 8 9 2
I n t e r c e p t  = 
I n t e r c e p t  =
1 .9 8 9
1*989
S lo p e  R a t io = 4 .7 9 8  
I n t e r c e p t  
( a v e r a g e )  =1 . 9 8 9
3 0 7 4 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
9 4 .5 0
4 7 1 .2 6
383*17
273*95
1 9 8 .1 3
1 3 8 .6 7
3*9869
3 .8 1 8 4
3*1649
2 .7 4 1 5
2*3370
1 .6 0 6 8  
1 .7 4 9 9  
1*7742 
1 . 8 5 0 8  
1 . 9 1 6 0
( a ) S lo p e  =
( b ) S lo p e  =•
3*926
-0 .8 2 8
I n t e r c e p t  = 
I n t e r c e p t  =
2 . 0 1 7
2 . 0 1 7
S lo p e  R a tio = 4 „ 7 4 1  
I n t e r c e p t  
( a v e r a g e )  =2 . 0 1 7
-  1 0 7  -
( S a m p le  3 )
TABLE V .8
VISCOSITY--CONCENTRATION BATA EOR CELLULOSE TRIACETATE 
IN MIXED SOLVENTS AT 4 0 °0
M o la r co n cn , 
AcgO i n
c h lo ro fo rm
V i s c o s i t y  Ln n ,y 
C oncn. c F low  t im e  num ber ( a )  c
g . / d l .  i n  s e c s .  1^ - 1^ / i j ^ c  (b )
2 .1 1 6 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
7 6 .3  
3 0 5 -9 6  
2 4 4 .7 7  
191-21 
1 4 5 -2 8  
1 0 6 .8 3
3 -0 1 0
2 .7 6 0 0
2 . 5 1 0 0
2 .2 6 0 3
2 .0 0 0 5
1 .3 8 6 3  
1 .4571 
1 -5 3 1 2  
1 .6 0 9 8  
1 .6 8 9 8
( a ) S lo p e  =
( b )S lo p e  =•
1 .0 8 3
- 0 .3 7 8
I n t e r c e p t  = 
I n t e r c e p t  =
1 .7 9 4
1 .7 9 4
2 .1 1 6 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
7 7 -3 0
3 0 0 .6 2
2 4 1 .1 1
1 8 9 -3 8
1 4 4 .0 5
1 0 6 .3 2
2 .9 4 0 0
2 . 7 0 0 1
2 .4 7 0 0
2 .2 2 0 0
1 .9 6 7 2
1 .3 7 1 2  
1 .4 3 8 3  
1 -5 1 6 2  
1 .5 8 9 0  
1 .6 5 8 5
( a ) S lo p e  =
( b )S lo p e  =•
1 .0 6 4
- 0 .3 7 0
I n t e r c e p t  = 
I n t e r c e p t  =
1 -7 9 3
1 -7 9 3
3 -1 7 4 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
7 8 .6 0  
3 7 8 .8 5  
2 9 3 -6 5  
2 2 1 .0 0  
1 6 1 .0 0  
1 1 3 -5 0
3 -8 2 0 0
3 -4 2 0 0
3 -0 1 9 5
2 .6 2 0 8
2 .2 2 0 0
1 .5 7 2 8
1-6 4 7 5
1 .7 2 2 8
1 .7 9 2 2
1 .8 3 7 0
( a ) S lo p e  =
(b )S lo p e  =•
2 .7 7 0
-0 .6 2 8
I n t e r c e p t  = 
I n t e r c e p t  =
1 .9 8 2
1 .9 8 2
3 -1 7 4 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
7 8 .6 0
37 7-12
2 9 3 - 1 2
2 2 0 .9 7
1 6 0 .8 7
1 1 3 -4 2
v>. 7980 
3 -4 1 2 2  
3 -0189  
2 .6 1 6 7  
2 . 2 1 5 0
1 .5 6 8 2  
1 .6 4 5 3  
1 .7 2 2 7  
1 -7 9 0 3  
1 -8335
( a ) S lo p e  =
(b )S lo p e  =-
2 .3 0 6  
“0 . 5 2 6
I n t e r c e p t  = 
I n t e r c e p t  =
1 .9 7 0  t 
1 .9 6 9 ' :
S lo p e  R a tio = 2 „8 6 1  
I n t e r c e p t  
( a v e r a g e ) =1 .7 9 4
S lo p e  R a tio = 2 .8 7 Q  
I n t e r c e p t  
( a v e r a g e )  =1 . 7 9 3
S lo p e  R a t io = 4 .4 lC  
I n t e r c e p t  
( a v e r a g e )  =1 . 9 8 2
I n t e r c e p t  
( a v e r a g e )  =1 . 9 7 0
-  1 0 8  -
TABLE V.9
VIS COS IT  Y -  CONCENTRATI ON DATA FOR CELLULOSE TRIACETATE
(S am ple  6 )
M o lar concn . 
AcpO i n
c h lo ro fo rm
IN MIXED SOLVENTS AT 15 0
C oncn. c F low  t im e  I 18? 0 ®1# '  
g . / d l .  i n  s e c s .  0( b )
2 .1 1 6 0 9 9 -1 0
1 .0 0 0 0 2 2 4 .6 0 1 .2 6 6 4 0 .8 1 8 3
0 .8 0 0 0 1 9 3 -4 4 1 .1 1 5 0 0 .8 3 6 0
0 .6 0 0 0 1 6 5 -4 0 1 . 1 1 5 0 0 .8 5 3 8
0 .4 0 0 0 1 4 0 .3 3 1 .0 4 0 0 0 .8 6 6 9
0 .2 0 0 0 1 1 8 . 1 7 0 .9 6 2 0 0 .8 8 0 1
( a ) S lo p e  = 0 .2 9 3 I n t e r c e p t  = 0 . 9 1 2
( b )S lo p e  =“-0 .5 6 7 I n t e r c e p t  = 0 .9 1 0
2 .1 1 6 0 9 9 -1 0 ..
1 .0 0 0 0 2 2 4 .7 8 1 .2 6 3 2 0 .8 1 9 0
0 .8 0 0 0 1 9 3 -4 9 1 .1 9 0 6 0 .8 3 6 3
0 .600C 1 6 5 -4 2 1 .1 1 5 4 0 .8 5 3 5
0 .4 0 0 0 1 4 0 .3 4 1 .0 4 0 4 0 .8 6 9 3
0 .2 0 0 0 1 1 8 .1 3 0 .9 6 0 1 0 .8 7 4 5
( a ) S lo p e  = 0 .2 9 7 I n t e r c e p t  = 0 .8 9 4
(b )S lo p e  =--0 .5 7 8 I n t e r c e p t  = 0 .8 9 2
3 -1 7 4 0 1 1 0 .2 0 IT ,
1 .0 0 0 0 2 6 8 .9 0 1 .4 4 0 1 0 .8 9 2 0
0 .8 0 0 0 2 3 0 .1 0 1 - 3601 0 .9 2 0 5
0 .6 0 0 0 1 9 5 -1 6 1 .2 8 3 6 0 .9 5 1 7
0 .4 0 0 0 1 6 3 -5 3 1 .2 0 9 7 0 .9 8 7 0
0 .2 0 0 0 135-21 1 .1 3 5 0 1 . 0 2 2 5
( a ) S lo p e  = 0 .4 1 1 I n t e r c e p t  = 0 . 9 4 9 3
( b )S lo p e  =--0 . 0 7 2 I n t e r c e p t  = 0 .9 4 8 .
3 .1 7 4 0 1 1 0 .2 0
1 .0 0 0 0 2 6 7 -7 6 1 .4 3 0 0 0 .8 8 7 5
0 .8 0 0 0 2 2 9 -7 9 1 -3 5 6 5 0 .9 1 8 5
0 .6 0 0 0 1 9 4 .8 7 1 .2 8 0 6 0 .9 4 9 8
0 .4 0 0 0 1 6 3 -1 4 1 .2 0 1 0 0 .9 8 0 3
0 .2 0 0 0 1 3 5 -1 2 1 o1307 1 .0 1 8 5
( a ) S lo p e  = 0 .3 8 3 I n t e r c e p t  = 0 .9 6 8  .
( b )S lo p e  =--0.672- I n t e r c e p t  = 0 .9 6 7
S lo p e  R a t i o = 5-172  
I n t e r c e p t  
( a v e r a g e )  =0 . 9 1 1
S lo p e  R a tio = 5 » l4 9  
I n t e r c e p t  
( a v e r a g e )  =0 . 9 0 3
I n t e r c e p t
( a v e r a g e ) <0.948
S lo p e  R ario = 5 o  718- 
I n t e r c e p t  
( a v e r a g e )  = 0 .968-
TABLE V .iO
VISCO S I T T -  CONCENTRATION DATA FOR CELLULOSE TRIACETATE
( S a m p le  6 ) IN MIXED SOLVENTS AT 2 0 °0
M o la r c o n c n . ~ „ 
Ar* 0  in  C o n cn .c  
2  l n  g . / d l • 
c h lo ro fo rm
Flow  tim e
i n  s e c s .  nucat,e;c ( a )
I tri 
f 
c+ 
0
1 
!
 ^
J#
2 .1 1 6 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
95*00
2 0 5 * 2 8
1 7 8 . 0 7
153*71
1 3 1 * 8 6
1 1 2 . 2 0
1 .1 6 0 8  
1 .0 9 3 0  
1 . 0 3 0 0  
0 .9 7 0 0  
0 .9 0 5 5
0 .7 7 0 6
0*7853
0 . 8 0 1 7
0 .8 2 0 0
0 . 8 3 2 0
( a ) S lo p e  =
( b )S lo p e  =-
0 .2 1 6
-0 . 0 5 2
I n t e r c e p t  = 
I n t e r c e p t  =
0 .8 6 2
0 .8 6 2
S lo p e  R a t io = 4 .1 0 2 ,  
I n t e r c e p t  
( a v e r a g e )  =0„862i
2 .1 1 6 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
95*00
2 0 5 * 0 1
177*08
153*25
131*56
1 2 2 .1 8
1 . 1 5 8 0  
1 .0 8 0 0  
1 . 0 2 2 0  
0 . 9 6 2 0  
0 .9 0 4 0
0 .7 6 9 2
0 .7 7 8 5
0 .7 9 6 7
0 .8 0 1 4
0 .8 0 3 1
( a ) S lo p e  =
( b )S lo p e  =-
0 . 1 9 6
-0 .0 4 7
I n t e r c e p t  = 
I n t e r c e p t  =
0 . 8 6 8
0 . 8 6 8
S lo p e  R a t i o = 4 .0 9 9  
I n t e r c e p t
( a v e r a g e ) =0 . 8 6 8 ?
3*174 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
1 0 3 - 6 0
243*25
209*30
1 7 8 . 2 0
1 5 0 . 2 2
125*44
1 .3 4 8 0  
1 .2 7 5 4  
1 . 2 0 0 0  
1 . 1 2 5 0  
1 .0 5 4 0
0 .8 5 3 6
0 . 8 7 8 8
0 . 9 0 3 8
0 . 9 2 9 0
0 . 9 5 6 0
( a ) S lo p e  a  
( b ;S lo p e  a -
0 . 2 0 7
-0 .0 3 9
I n t e r c e p t  = 
I n t e r c e p t  =
0 . 8 6 8  ; 
0*867..
S lo p e  R a tio = 5 « 2 8 9  
I n t  e r c e p t  
( a v e r a g e )  =0 . 8 6 8
3*174 0
1 . 0 0 0 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 . 2 0 0 0
1 0 3 . 6 0
2 4 2 .9 6
2 0 9 . 1 2
1 7 8 .1 3
1 5 0 . 0 8
1 2 5 .4 1
1 . 3452 
1 . 2 7 3 2  
1*1990 
1 .1 2 1 6  
1 . 0 5 2 6
0 .8 5 2 3  
0 .8 7 7 9  
0 . 9 0 2 7  
0 . 9 2 5 3
0 .9 5 3 0
( a ) S lo p e  = 0 .2 0 2  I n t e r c e p t  = 0 .8 6 2  S lo p e  R a t io = 5 .2 7 4
( b )S lo p e  = -0 .0 4 6  I n t e r c e p t  = 0 .8 6 0  I n t e r c e p t
( a v e r a g e )  = 0 .861
TABLE V /I ' l
VISC O SIT I-C O N C E N TR A T IO N  DATA FOE CELLULOSE TRIACETATE
(S am ple 6 )
IN  MIXED SOLVENTS AT 30°0
•
M o la r c o n c n .
AcgO i n  C oncn«. c
V i s c o s i t y  
F low  t im e  num ber ( a )
Ln
c
c h lo ro fo rm i n  s e c s . ( b )
2 .1 1 6 0
1 .0 0 0 0
0 .8 0 0 0
0 .6 0 0 0
0 .4 0 0 0
0 .2 0 0 0
8 5 -6 0
1 7 3 -2 6
1 5 2 . 7 2
1 3 3 -6 4
1 1 6 .1 8
1 0 0 .1 5
1 .0 2 4 1
0 .9 8 0 2
0 .9 3 5 4
0 .8 9 3 1
0 .8 4 9 6
0 .7 0 5 1
0 .7 2 3 8
0 .7 4 2 2
0 .7 6 3 3
0 .7 8 4 5
( a ) S lo p e  =
( b )S lo p e  =■
0 .1 1 3
-0 .0 3 1
I n t e r c e p t  = 
I n t e r c e p t  =
0 .8 0 4
0 .8 0 6
S lo p e  R a tio = 3 ° 6 4 0  
I n t e r c e p t  
( a v e r a g e )  = 0 .8 0 5
2 .1 1 6 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
8 5 -6 0
1 7 3 -6 6
1 5 2 -9 2
133-71
1 1 6 .2 1
1 0 0 . 1 5
1 .0 2 8 7  
0 .9 8 3 1  
0 .9 3 6 8  
0 .8 9 3 9  
0 .8 4 9 9
0 .7 0 7 3
0 .7 2 5 4
0 .7 4 3 3
0 .7 6 4 3
0 .7 8 4 5
( a ) S lo p e  = 
'(b )S lo p e  =•
0 .1 4 5
-0 .0 4 1
I n t e r c e p t  = 
I n t e r c e p t  =
0 .8 0 6
0 .8 0 4
S lo p e  R a tio = 3 -4 8 9  
I n t e r c e p t  
( a v e r a g e )  = 0 .8 0 5
3 -1 7 4 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
9 4 .5 0
2 0 5 -3 0
"'79-19
1 5 4 .9 2
1 3 2 -8 2
1 1 2 .6 5
1 .1 7 2 5  
1 .1 2 0 2  
1 .0 6 5 6  
1 .0 1 3 8  
0 .9 6 0 1
0 .7 7 6 0
0 -7 9 9 5
0 .8 2 4 0
0 .8 5 0 8
0 .8 7 8 5
( a ) S lo p e  =
(b )S lo p e  =■
0 .1 5 0
-0 .0 3 1
I n t e r c e p t  = 
I n t e r c e p t  =
0 .9 0 3
0 .9 0 2
S lo p e  R a t io = 4 .742 
I n t e r c e p t  
( a v e r a g e )  = 0 .9 0 3
3 -1 7 4 0
1 .0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 .2 0 0 0
9 4 .5 0
2 0 5 .4 0
1 7 9 -2 6
154o94
1 3 2 .8 3
1 1 2 .6 5
1 -1 7 3 5  
1 .1 2 1 1  
1 .0 6 5 9  
1 .0 1 4 0  
0 .9 6 0 4
0 .7 7 6 3
0 .8 0 0 4
0 .8 2 3 8
0 .8 5 0 5
0 .8 7 8 5
( a ) S lo p e  = 
( b /S lo p e  =-
0 .1 4 5
-0 .0 2 9
I n t e r c e p t  = 
I n t e r c e p t  =
0 .9 0 3
0 .9 0 2
S lo p e  R a t io = 4 .996 
I n t e r c e p t  
( a v e r a g e )  = 0 .9 0 3
-  1 'H  -
( S a m p le  6 )
TABLE V .12
VIS COSITY-CONOENTRATION DATA FOR CELLULOSE TRIACETATE 
IN MIXED SOLVENTS AT 40°C
M o la r concno 
AcpO i n  ConcnoC
c h i  o r  o f  orm ® ° °
V i s c o s i t y  
F low  t im e  num ber ( a )  
i n  s e c s .  c
L n j ^ /
c
Cb)
2 .1 1 6 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
7 6 .3 0
1 4 9 -6 9
1 3 2 .9 2
1 1 7 .1 5
1 0 2 .4 6
8 8 .8 5
0 . 9 6 1 8
0 .9 2 7 6
0 .8 9 2 4
0 .8 5 7 1
0 .8 2 2 6
0 .6 7 3 7
0 .6 9 3 8
0 .7 1 4 2
0 . 7 3 6 8
0 .7 6 1 5
( a ) S lo p e  =
( b )S lo p e  =■
0 . 2 0 7
-O .O 72
I n t e r c e p t  = 
I n t e r c e p t  =
0 . 7 8 0
0 - 7 8 2
S lo p e  R a t io = 2 .872 
I n t e r c e p t  
( a v e r a g e )  =0 . 7 8 1
2 .1 1 6 0
1 . 0 0 0 0  
0 .8 0 0 0  
0 .6 0 0 0  
0 .4 0 0 0  
0 . 2 0 0 0
7 6 .3 0
1 4 9 .7 1
1 3 2 .9 5
1 1 7 .1 7
1 0 2 .4 7
8 8 . 8 6
0 . 9 6 2 1  
0  0 9281  
0 . 8 9 2 8  
0 .8 5 7 4  
0 .8 2 2 8
0 .6 7 3 9
0 .6 9 3 8
0 .7 1 4 8
0 .7 3 7 0
0 . 7 6 2 0
( a ) S lo p e  =
( b )S lo p e  =•
0 .1 6 2
- 0 . 0 5 6
I n t e r c e p t  = 
I n t e r c e p t  =
0 .7 8 9
0 .7 8 7
S lo p e  R a t io = 4 . 7 8 8  
I n t e r c e p t  
( a v e r a g e )  =0 . 7 8 8
3 -1 7 4 o 
o 
o 
o 
o
 
o 
o 
o 
o 
o
 
o 
o 
o 
o 
o
O 
oo 
10 
rf- 
O
J 
0 
0 
0 
0 
0
0
^
-0
0
0
0
7 8 . 6 0
1 6 5 . 0 8
1 4 5 .2 6
1 2 6 .6 6
1 0 9 .3 4
9 3 -3 3
1 . 1 0 0 2  
1 .0 6 0 1  
1 .0 1 8 9  
0 .9 3 7 2  
0 .9 3 7 2
0 . 7 4 1 9
0 .7 6 7 6
0 . 7 9 4 7
0 .8 5 9 5
0 .8 5 9 5
( a ) S lo p e  =
(b ) S lo p e  =■
0 . 2 7 0
-0 .0 5 6
I n t e r c e p t  = 
I n t e r c e p t  =
0 .8 8 5
0 .8 8 5
S lo p e  R a t io = 4 .7 6 8  
I n t  e r e  <p t  
( a v e r a g e ) = 0 .8 8 5
3 -1 7 4 o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
O 
co 
CO 
fe- 
CvJ
o
o
o
o
o
O 
V- o 
o 
o 
o
7 8 .6 0
165-11
1 4 5 -3 2
1 2 6 .6 6
1 0 9 -3 7
9 3 -3 4
1 .1 0 0 7  
1 .0 6 1 0  
0 .0 1 9 0  
0 .9 7 8 6  
0 .9 3 7 4
0 .7 4 2 2
0 .7 6 8 3
0 .7 9 4 7
0 .8 2 5 5
0 .8 6 0 0
( a ) S lo p e  =
( b )S lo p e  =-
0 .2 3 8
-0 .0 4 9
I n t e r c e p t  = 
I n t e r c e p t  =
0 .9 0 4
0 .9 0 4
S lo p e  R a t io = 4 .7 8 8  
I n t e r c e p t
~ 1 1 2
TABLE Vo 13
SUMMARY OF VISCOSITY VALUES IN MIXED SOLVENTS
Tem p.°C
M o la r c o n e . 
AcgO i n
c h lo ro fo rm
f'T'U
S am ple 
( 3 )
m i
S am ple
(6 )
S lo p e
R a t io
« )
K x l o5 cft.
15 2 .1 1 6 2 .1 1 1 0 .9 0 3 5 -1 6 3 2 .852- 0*913
3 -1 7 4 2 .1 5 8 0 .9 5 9 5-691 3 -0 2 6 0.88C
20 2 .1 1 6 2 .0 0 1 0 .8 6 5 4 .1 0 6 2 .7 2 9 0 .9 0 5
3 -1 7 4 2 .1 1 2 0 .9 4 5 5-281 2 .9 8 0 0 .8 7 4
1 .0 5 '8 1 .7 8 2 0 .7 4 2 2 .5 0 5 2 .3 4 2 '; 0 .9 3 9
25 1 -5 8 ? 1 .8 5 0 0 .7 8 4 3 -0 4 8 2 .4 7 3  ■ 0 .9 2 3
2 .1 1 6 1 .8 9 9 0 .8 2 5 3 -7 6 3 2 .6 0 3 . 0 .9 0 0
3 -1 7 4 2 .0 2 1 0 .9 0 7 5 -1 0 5 2 .8 6 2 4 0 .8 7 2
30 2 .1 1 6 1 .8 4 4 0 .8 0 5 3 -5 6 4 2 .541- 0 .8 9 5
3 -1 7 4 * 2 .0 0 1 0 .9 0 3 4 .7 7 2 2 .8 4 4 0 .8 6 8
40 2 .1 1 6 1 .7 9 4 0 .7 8 9 ' 2 .8 6 6 2 .4 9 1 0 .8 8 9
3 -1 7 4 1 -9 7 6 0 .8 9 5 4 .3 9 4 2 -5 9 3 0 .8 6 3
I t  c an  b e  s e e n  fro m  T a b le  V .1 3 t h a t  a t  2 5 °C , w i th  
a n  i n c r e a s e  o f  a c e t i c  a n h y d r id e  c o n c e n t r a t i o n  ( 1 .0 5 8  
t o  3*174 M) i n  c h lo r o f o r m ,  t h e  s lo p e  r a t i o  ( % )  a l s o  
i n c r e a s e s  f ro m  2 .5 0 6  t o  5 0 0 5 *  The v a lu e  o f  K a l s o  shows 
a n  i n c r e a s i n g  t r e n d  b u t  t h e  v a lu e  o f  show s a  
d e c r e a s in g  t r e n d ,  w i th  t h e  i n c r e a s e  o f  a c e t i c  a n h y d r id e  
c o n c e n t r a t i o n  i n  c h lo r o f o r m .  The X v a lu e s  a r e  
p r a c t i c a l l y  t h e  same f o r  Sam ples 3 and  6 u n d e r  t h e  sam e 
c o n d i t i o n s .
The r e s u l t s  a l s o  show t h a t  f o r  a c e t i c  a n h y d r id e  
c o n c e n t r a t i o n s  o f  2 .1 1 6  M an d  3*174 M, t h e  v a lu e  o f  
ot  , IC and  X d e c r e a s e  w i th  t h e  i n c r e a s i n g  t e m p e r a tu r e  
i n  t h e  r a n g e  o f 1 5 ° t o  40°0*  IC and  0  v a lu e s  a r e  q u i t e  
c lo s e  to  th o s e  f o r  p u r e  c h lo ro fo rm  (T a b le  I V d ) .
D i s c u s s i o n  o f  R e s u l t s
1 i4 -
C H A P T E R  VI
DEGRADATION STUDIES OF CELLULOSE TRIACETATE 
IN  CHLOROFORM-ACETIC ANHYDRIDE SOLUTIONS 
CONTAINING SULPHURIC AND PERCHLORIC ACID
-  1 1 5  -
I n  th e  p r e p a r a t i o n  o f  f i b r o u s  c e l l u l o s e  t r i ­
a c e t a t e ,  i t  i s  c u s to m a ry  t o  u s e  an  a c e t y l a t i n g  m ix tu re  
c o n ta in in g  a  n o n - s o lv e n t  su c h  a s  b e n z e n e  o r  c a rb o n  t e t r a ­
c h l o r i d e  i n  o r d e r  t o  m a in ta in  th e  f i b r o u s  s t r u c t u r e .
U nder t h e s e  p r e p a r a t i o n  c o n d i t i o n s ,  i t  was o b s e rv e d  t h a t  
i n c r e a s i n g  am oun ts  o f  b e n z e n e  i n  th e  a c e t y l a t i n g  m ix tu re  
l e d  t o  a  r e d u c t i o n  i n  t h e  m o le c u la r  w e ig h t  o f  t h e  
r e s u l t i n g  c e l l u l o s e  t r i a c e t a t e ^  205 . 1 4 9 )^ S ta u d in g e r ^ 1^   ^
o b s e rv e d  t h a t  a s o l u t i o n  o f  p r e p a re d  f i b r o u s  c e l l u l o s e  
t r i a c e t a t e ,  u s in g  b e n z e n e  a s  n o n - s o l v e n t ,  h a d  a  lo w e r  
v i s c o s i t y  t h a n  when an  a c e t y l a t i n g  m ix tu re  c o n ta in in g  
p y r id i n e  was u s e d ,  b u t  h e  g av e  no e x p la n a t io n  f o r  t h i s .  
K u z n e tso v a  and  K len k o v a^  2 0 ,1 4 9 )  s tu d i e d  th e  e f f e c t  o f  
h e n z e n e  on t h e  d e g r a d a t io n  o f  c e l l u l o s e  t r i a c e t a t e ,  
t h e  d e p e n d e n c e  o f  m o le c u la r  w e ig h t  on th e  am ount o f  
b e n z e n e  i n  t h e  a c e t y l a t i o n  m ix tu re  b e in g  d e te r m in e d .  /-
They show ed t h a t  t h e  t e m p e r a tu r e ,  c a t a l y s t  c o n c e n t r a t i o n  
an d  c o m p o s i t io n  o f  t h e  m ix tu re  in f lu e n c e d  t h e  d e g re e  o f  
d e g r a d a t io n  o f  c e l l u l o s e  t r i a c e t a t e  h u t  t h e y  d i d  n o t  
i n v e s t i g a t e  t h e  q u a n t i t a t i v e  r e l a t i o n s h i p s  b e tw e e n  t h e s e  
q u a n t i t i e s .  B y ten s ld L i, K u z n e tso v a  and  K l e n k o v a ^ ^  
s tu d i e d  t h e  k i n e t i c s  o f  c e l l u l o s e  t r i a c e t a t e  d e g r a d a t io n  
i n  v a r io u s  a c e t y l a t i o n  m i x t u r e s .  T h e i r  d a t a  show ed t h a t  
n o t  o n ly  was i t  p o s s i b l e  t o  r e g u la te  t h e  d e g r a d a t io n  
p r o c e s s ,  w i th  t h e  p r e p a r a t i o n  o f  c e l l u l o s e  t r i a c e t a t e  
o f  p r e d e te rm in e d  m o le c u la r  w e ig h t ,  b u t  t h e  p r o c e s s  was 
a  random  one u n d e r  t h e  h e te r o g e n e o u s  p r e p a r a t i o n  c o n d i t i o n s  
u s e d .
Howard and  P a r i k h w "  i n  t h e i r  s tu d y  o f 
h e te r o g e n e o u s  a c e t y l a t i o n  o b s e rv e d  t h a t  a  s t e a d y
k
d e g r a d a t io n  o f  t h e  c e l l y l o s e  c h a in  to o k  p la c e  when 
p e r c h l o r i c  a c i d  was u s e d  a s  th e  c a t a l y s t .
R o s e n th a l  ) i n v e s t i g a t e d  th e  a c i d  c a t a l y s e d  
d e g r a d a t io n  o f  v i r t u a l l y  c e l l u l o s e  t r i a c e t a t e  an d  
t r i p r o p i o n a t e  i n  t h e i r  r e s p e c t i v e  a l i p h a t i c  a c id  
s o l u t i o n s ,  b u t  he  d id  n o t  e v a l u a t e  t h e  m o le c u la r  w e ig h t  
w i th  t im e  a s  i n  t h e  w ork  to  b e  d e s c r i b e d .
I n  th e  p r e s e n t  w o rk , hom ogeneous d e g r a d a t io n  
s t u d i e s  w ere  made f o r  c e l l u l o s e  t r i a c e t a t e  s o l u t i o n s  
c o n t a i n i n g  v a r io u s  c a t a l y s t s  u s e d  i n  t h e  a c e t y l a t i o n  
p r o c e s s .  The e f f e c t s  o f  m ix tu re  c o m p o s i t io n  an d  
c o n c e n t r a t i o n  o f  v a r i o u s  c a t a l y s t s ,  a t  d i f f e r e n t  
t e m p e r a t u r e s ,  on t h e  e x t e n t  o f  d e g r a d a t io n  w ere  s t u d i e d .
( 3 7  )
M a te r i a l s
The s u lp h u r i c  a c i d ,  p e r c h l o r i c  a c id  an d  c h lo ro fo rm  
w ere  A n a la r  q u a l i t y  an d  t h e  c h lo ro fo rm  was f u r t h e r  
p u r i f i e d  to  rem ove i t s  a l c o h o l  c o n te n t  b y  w a sh in g  w i th  
w a te r  and  d i s t i l l i n g  o v e r  c a lc iu m  c h l o r i d e  a s  d e s c r ib e d  
b y  V ogel ^  5 \
A w eig h ed  am ount o f  vacuum  d r i e d  c e l l u l o s e  t r i a c e t a t e ,  
w as d i s s o l v e d  i n  5 0 0  ml a l c o h o l  f r e e  c h lo ro fo rm  
( g r a d u a te d  f l a s k )  t o  grero a  s to c k  s o l u t i o n ,  and  k e p t  a t  
2 5 ° 0  f o r  t h r e e  d a y s .  2 5  ml o f  t h i s  s o l u t i o n  and a  known 
am ount o f  a c e t i c  a n h y d r id e  w i th  some c h lo ro fo rm  was 
p i p e t t e d  o u t  i n t o  a  50 ml g r a d u a te d  f l a s k  a t  2 5 ° 0  i n  
r e a d i n e s s  f o r  th e  a d d i t i o n  o f  c a t a l y s t  s o l u t i o n .
A known s o l u t i o n  o f  s u lp h u r i c  o r  p e r c h l o r i c  a c id  
was p r e p a r e d  b y  w e ig h t  i n  a c e t i c  a n h y d r id e  a t  2 5 ° 0  an d  a  
m ea su re d  volum e im m e d ia te ly  t r a n s f e r r e d  i n t o  t h e  p o ly m e r  
s o l u t i o n .  The s o l u t i o n  was a d j u s t e d  t o  t h e  50 ml m ark b y  
f u r t h e r  a d d i t i o n  o f  c h lo ro fo rm  and  a f t e r  s h a k in g ,  a b o u t  
10 ml was f i l t e r e d  i n t o  t h e  v is c o m e te r  (show n i n  F ig u r e  
IV .u .) i n  a  c o n s t a n t  t e m p e r a tu r e  b a th  a t  25 -  0 .0 1 oC.
The z e ro  t im e  f o r  t h e  commencement o f  d e g r a d a t io n  
was ta k e n  a s  t h e  t im e  o f  a d d i t i o n  o f  c a t a l y s t  t o  t h e  
p o ly m e r s o l u t i o n  in  t h e  f l a s k ,  and  f lo w  t im e s  w ere  
m e asu re d  a t  r e g u l a r  i n t e r v a l s  o f  t e n  m in u te s  f o r  f o u r  
h o u r s .  The v i s c o m e te r  ( p o s i t i o n  1 , f i g u r e  IV .A ) was 
c o n n e c te d  w i th  a  g la s s - w o o l  p a ck ed  b u lb  m o is te n e d  w i th  
c h l o r o f o r m - a c e t i c  a n h y d r id e ,  t o g e t h e r  t i t h  a  d r y in g  t u b e ,
E x p e r i m e n t a l
t o  m in im ise  s o l u t i o n  e v a p o r a t io n  and  t h e  i n t r o d u c t i o n  
o f  w a te r  v a p o u r .
S o lv e n t  f lo w  t im e s  w ere  m e asu red  f o r  e a c h  d e g r a d a t io n  
m edium , b y  m aking  u p  t h e  i d e n t i c a l  c h l o r o f o r m - a c e t i c  
a n h y d r id e  m ix tu r e s  w i th o u t  any  c e l l u l o s e  t r i a c e t a t e  and  
c a t a l y s t .
Runs w ere a l s o  c a r r i e d  o u t a t  15? 20 and  30°C a n d  
a l l  s o l u t i o n s  p r e p a r e d  i n  t h e  sane way a t  t h e  r e s p e c t i v e  
te m p e r a tu r e s  u s e d .  F low  t im e s  w ere  m e asu red  w i th  a  
s to p  w a tc h  r e a d in g  t o  - 0 .0 1  s e c  i n  m ost c a s e s ,  o r  e l s e  
t o  ^ 0 .1  s e c .
R e s u l t s
V isc o s ity  and  m o le c u la r  w e ig h t  r e s u l t s  f o r  d e g r a d a t i o n  
r u n s ,  w i th  s u l p h u r i c  a c i d  a s  c a t a l y s t ,  a r e  shown i n  
T a b le s  V I .1 -5*  The e f f e c t  o f  v a r y in g  t h e  a c e t i c  
a n h y d r id e  c o n c e n t r a t i o n  (T a b le  V I .1 ) ,  c a t a l y s t  c o n c e n t r a ­
t i o n  (T a b le  V I .2 ) ,  p o ly m e r c o n c e n t r a t i o n  (T a b le  V I .5 ) 
and  te m p e r a tu r e  f o r  tw o a c e t i c  a n h y d r id e  c o n c e n t r a t i o n s  
(T a b le s  V I .4  an d  5 )  a r e  shown f o r  c e l l u l o s e  t r i a c e t a t e  
(S am ple  5 ) h a v in g  a  m o le c u la r  w e ig h t ,  ME, o f 8 1 ,0 0 0 .
R e s u l t s  i n  th e  p r e s e n c e  o f p e r c h l o r i c  a c i d ,  a s  
c a t a l y s t ,  a r e  shown i n  T a b le s  V I. 6 -1 0  f o r  t h e  e f f e c t  o f  
a c e t i c  a n h y d r id e  c a a c e n t r a t io n ,  c a t a l y s t  c o n c e n t r a t i o n ,  
p o ly m e r c o n c e n t r a t i o n  an d  te m p e r a tu r e  a t  two 
c o n c e n t r a t i o n s  o f  a c e t i c  a n h y d r id e  r e s p e c t i v e l y  f o r  t h e  
same sam p le  o f  c e l l u l o s e  t r i a c e t a t e .
L im i t in g  v i s c o s i t y  n u m b e rs , O i l  , w e re  e v a lu a te d  fro m
r e l a t i v e  v i s c o s i t i e s  b y  m eans o f  th e  s i n g l e  p o i n t  m ethod  
( g q u a t io n  V .5 )°  M o le c u la r  w e ig h t v a lu e s  w ere  c a l c u l a t e d  
u s in g  th e  M ark-H ouw ink r e a l t i o n s h i p ,  as  d e s c r ib e d  i n  
C h a p te r  V (T a b le  V .1 3 ) ,  f o r  t h e  r e s p e c t i v e  s o lv e n t  m ix tu r e s  
shown i n  T a b le s  V I .1 - 1 0 .
T a b le  V I .11 show s t h e  e f f e c t  o f  i n c r e a s i n g  th e  
m o le c u la r  w e ig h t  o f  c e l l u l o s e  t r i a c e t a t e  on i t s  d e g r a d a t io n  
i n  t h e  p r e s e n c e  o f  p e r c h l o r i c  a c id  a t  25°Co H ere a  
m o le c u la r  w e ig h t o f  Mn = 8 1 ,0 0 0  (^Sample 3 ) i s  com pared  
w i th  one o f  Mn = 1 5 0 ,0 0 0  (S am ple  1 )  u n d e r  t h e  same 
c o n d i t io n s  o f  d e g r a d a t i o n .
The v a r i a t i o n  o f  m o le c u la r  w e ig h t w i th  t im e  i n  t h e  
c a s e  of s u lp h u r i c  and  p e r c h l o r i c  a c i d s  f o r  each  o f  t h e  
v a r i a b l e s  s t u d i e d ,  i s  show n i n  f i g u r e s  V I .1 - 5  surd 6 -1 0  
r e s p e c t i v e l y .  R e s u l t s  sh o w in g  th e  ch an g e  i n  m o le c u la r  
w e ig h t  w i th  t im e ,  f o r  h ig h  and  low  m o le c u la r  sa m p le s  
(Sam ples 1 an d  3 ) u n d e r  t h e  same d e g r a d a t io n  c o n d i t io n s  a r e  
shown p l o t t e d  i n  f i g u r e  V I .1 1 .
I n  o r d e r  t o  show c l e a r l y  th e  e f f e c t  o f  d i f f e r e n t  
v a r i a b l e s  on th e  e x t e n t  o f  d e g r a d a t io n  w i th  t im e ,  th e  
v a lu e  f o r  Mn a t  z e ro  t im e  c o u ld  n o t  be  p l o t t e d  i n  c e r t a i n  
c a s e s  ( f i g u r e s  V I .4 - 5  and  9 ~ 1 0 ) owing t o  t h e  e x p a n s io n  
o f  t h e  m o le c u la r  w e ig h t  s c a l e .
I n  o r d e r  t o  o b s e rv e  an y  a g e in g  e f f e c t s  f o r  th e  
c e l l u l o s e  t r i a c e t a t e  i n  c h lo ro fo rm -a c e iic  a n h y d r id e  s o l u t i o n  
i n  t h e  a b s e n c e  o f  c a t a l y s t ,  t h e  f lo w  t im e s  w ere  m e a su re d  
a t  i n t e r v a l s  o v e r  a  p e r io d  o f  two d a y s .  The f o l lo w in g  
r e s u l t s  w ere  o b ta in e d  a t  2 5 °C f o r  0 .8 0 0 0  g /d l .  c e l l u l o s e
-  120 -  
TABLE V I. 1
EFFECT OF ACETIC ANHYDRIDE ON DEGRADATION OF CELLULOSE
TRIACETATE ( 0 .8  g . / d l . )  IN  CHLOROFORM CONTAINING 
"~5o695 x  10“ M0 SULHIURTO~^ACID~at 2 5 00
( i )  A c e t ic  a n h y d r id e  = 1 -058M. S o lv e n t  Flow  Time = 8 0 - 7 0 s e c s -
Time F lo w - tim e  n I n  \  - Hh .51 Mn
(m in u te s )  ( s e c s . )  r e l  t e l  V H
0 2 5 3 - 0 2 3 -1 3 5 3
15 1 4 9 -5 1 -8 5 2 5
25 1 2 7 - 8 1 -5 8 3 6
55 1 1 6 .8 1 .4 4 7 3
45 1 1 0 .2 1 -3 6 5 6
55 1 0 5 -5 1 -3 0 7 3
65 1 0 2 .5 1 -2 6 7 7
75 9 9 -7 1 -2 3 5 4
85 9 7 -8 1 -2119
95 9 6 .3 1 -1 9 3 3
105 9 5 -3 1 -1 8 0 9
1 1 5 9 4 .3 1 -1 6 8 5
1 2 5 9 3 -3 1-1561
"i 35 9 2 .8 1 -1 4 9 9
165 9 1-1 1 -1 2 8 9
285 88-1 1o0917
( i i )  A c e t ic  a n h y d r id e  = 1 ,5 8 7 m .
0 2 7 8 -2 0 3 -3 2 8 0
10 1 8 5 .2 2 -2 1 5 3
20 1 5 2 -7 1 -8 2 6 6
30 1 3 7 -0 1 -6 3 8 8
40 1 2 6 -9 1 -5 1 7 9
50 1 2 0 -7 1 -4 4 3 8
60 1 1 6 .2 1 - 3900
70 1 1 2 -9 1 -3 5 0 5
80 1 1 0 -3 1 -3 1 9 4
90 1 0 8 -3 1 -2 9 5 5
100 1 0 6 -5 1 -2739
110 1 0 5 -5 1 .2 6 2 0
120 1 0 4 -5  ‘ 1 - 2 5 0 0
130 1 0 3 -7 1 .2 4 0 4
160 1 0 1 -4 1 -2129
280 9 7 -6 1 -1 6 7 5
1 .1 4 2 6  1 .7 8 2 2  8 1 ,0 0 0
0 .6 1 6 6  0 .8 5 4 8  5 8 ,9 0 0
0 .4 5 9 7  0 .6 1 8 8  2 8 ,1 0 0
0 .3 6 9 7  0 .4 8 9 8  2 2 ,3 0 0
0 .3 1 1 6  0 .4 0 8 8  1 8 ,6 0 0
0 .2 6 7 9  0 .3 4 9 0  1 5 ,9 0 0
0 .2 3 7 2  0.3074- 1 4 ,0 0 0
0 .2 1 1 3  0 .2 7 2 8  1 2 ,4 0 0
0 .1 9 2 1  0 .2 4 7 3  1 1 ,2 0 0
0 .1 7 6 7  0 .2 2 6 8  1 0 ,3 0 0
0 .1 6 6 2  0 . 2 1 3 1  9 ,6 8 0
0 .1 5 5 7  0 .1 9 9 2  9 ,0 5 0
0 .1 4 5 0  0 .1 8 5 3  8 ,4 2 0
0 .1 3 9 6  0 .1 7 8 2  8 ,1 0 0
0 .1 2 1 2  0 .1 5 4 2  7 ,0 0 0
0 .1 8 7 7  0 .1 4 1 0  6 ,4 0 0
S o lv e n t  F low  Time = 8 3 .6 0 s e c s .
1 . 2 0 2 3  1 .8 5 0 5  8 1 ,0 0 0
0 .7 9 5 3  1 .7 2 3 9  4 9 ,2 0 0
0 .6 0 2 4  0 .8 2 2 3  3 6 ,0 0 0
0 .4 9 3 9  0 .6 6 2 2  2 9 ,0 0 0
0 .4 1 7 3  0 .5 5 2 7  2 4 ,2 0 0
0 .3 6 7 2  0 .4 8 2 7  2 1 ,1 0 0
0 .3 2 9 3  0 .4 3 0 4  1 8 ,8 0 0
0 .3 0 0 4  0 .3 9 1 1  1 7 ,1 0 0
0 . 2 7 7 1  0 .3 5 9 5  1 5 , 7 0 0
0 .2 5 8 8  0.334-9 1 4 ,7 0 0
0 .2 4 2 0  0 .3 1 2 3  1 3 ,7 0 0
0 .2 3 2 6  0 .2 9 9 9  1 3 ,1 0 1
0 .2 2 3 1  0 .2 8 7 2  1 2 ,6 0 0  '
0 .2 ) 5 4  0 .2 7 7 0  1 2 ,1 0 0
0 .1 9 3 0  0 .2 4 7 3  1 0 ,8 0 0
0 . 1 5 4 8  0 . 1 9 7 5  8 , 6 0 0
TABLE V I o 1 c  o n t  i n u e d
( i i i )  A c e t ic  a n h y d r id e  = 2 .116M . S o lv e n t  F low  Time = 8 8 „ 7 0 s e c s .
Time
( m in u te s )
F lo w - tim e  
( s e c s  . ) %r e l l n  r e l HA Mn
0 3 1 1 .4 2 3*5109 1 .2 5 5 8 1 .8 9 9 2 8 1 ,0 0 0
15 1 9 2 .7 2 .1 7 2 5 0 .7 7 5 8 1*0739 4 5 ,8 0 0
25 169*9 1 .9 1 5 4 0 .6 4 9 9 0 .8 8 2 1 3 7 ,6 0 0
35 155*0 1 .7 4 7 5 0 .5 5 8 1 0 .7 4 7 4 3 1 ,9 0 0
45 145*1 1*6359 0 .4 9 2 1 0 .6 5 3 0 2 7 ,9 0 0
55 1 3 9 .2 1*5693 0 .4 5 0 6 0 .5 9 4 4 2 5 ,4 0 0
65 1 3 4 .8 1*5197 0 .4 1 8 5 0 .5 4 9 7 2 3 ,5 0 0
75 130*4 1 .4701 0 .3 8 5 3 0 .5 0 3 9 2 1 , 5 0 0
85 127*3 1 .4 3 5 2 0 .3 6 1 3 0 .4 7 1 0 2 0 ,0 0 0
95 125*9 1 .4 1 9 4 0 . 3 5 0 2 0 .4 5 5 9 1 9 ,5 0 0
105 123*5 1*3923 0 .3 3 0 9 0 .4 2 9 8 1 8 ,3 0 0
11 5 1 2 2 .1 1*3766 0 .3 1 9 6 0 .4 1 4 5 1 7 ,7 0 0
125 1 2 0 .7 1 .3 6 0 8 0 .3 0 8 0 0 .3 9 8 9 1 7 , 0 0 0
145 119*3 1 .3 4 5 0 Co2964 0 . 3 8 3 3 1 6 ,4 0 0
( i v )  A c e t ic a n h y d r id e  « 3.174M . S o lv e n t  F low  Time = 9 7 ‘'6 0 s e c s .
0 3 8 1 .6 2 3 * 9 1 0 0 1 .3 6 3 5 2 .0 2 1 0 8 1 ,0 0 0
10 2 6 0 .0 2 .6 6 3 9 0 .9 7 9 7 1 .3 6 4 8 5 4 ,6 0 020 2 2 0 .7 2 .2 6 1 3 0 .8 1 5 9 1 .1 1 1 1 4 4 ,5 0 0
30 199*0 2 .0 3 8 9 0 .7 1 2 4 0*9573 3 8 ,3 0 040 1 8 6 .8 1*9139 0 .6 4 9 1 0 .8 6 5 6 3 4 ,7 0 0
50 1 7 6 .7 1*8105 0 .5 9 3 6 0 .7 8 6 4 3 1 ,5 0 0
60 1 7 0 . 6 1 .7 4 8 0 0 .5 5 8 4 0 .7 3 6 9 2 9 ,5 0 070 1 6 5 .8 1 .6 9 8 8 0 .5 2 9 9 0 .6 9 7 0 2 7 ,9 0 0
80 1 6 2 .2 1*6619 0 .5 0 7 9 0 .6 6 6 5 2 6 ,7 0 090 159*2 1 .6 3 1 1 0 .4 8 9 2 0 .6 2 6 1 2 5 , 1 0 0
100 157*0 1 .6 0 8 6 0 .4 7 5 3 0 .6 2 1 5 2 4 ,9 0 0
110 155*1 1 .5 8 9 2 0 .4 6 3 2 0 .6 0 4 8 2 4 ,2 0 0
120 153*4 1*5717 0 .4 5 2 1 0 .5 8 9 7 2 3 ,6 0 01 3 0 1 5 2 .3 1 .5 6 0 5 0 .4 4 5 0 0*5799 2 3 ,2 0 0140 1 5 1 * 0 1 .5 4 7 1 0 .4 3 6 3 0 .5 6 8 2 2 2 , 7 0 0
150 1 5 0 .4 1 .5 4 1 0 0 .4 3 2 4 0 . 5 6 2 7 2 2 ,5 0 0
-2
IN CHLOROFORM CONTAIN ING 3 a 695x10 m , SULPHURIC ACID AT 25°C
EFFECT OF ACETIC ANHYDRIDE CN DEGRADATION OF CELLULOSE TRIACETATE
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TABLE V I. 2
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE 
TRIACETATE ( 0 .8  g . / d l . )  IN  CHLOROFORM CONTAINING 
2 .1 1 6  M. ACETIC ANHYDRIDE AT 23°C
( i )  S u lp h u r ic  a c i d  = 3*497 x  1 0 “ ^M.
S o lv e n t  f lo w  t im e  a t  2 5 °C . t  = 8 8 . 7 0  s e c
Time F lo w - tim e  u  i to—
( m in u te s )  ( s e c s )  * r e l  ( t e l  f^ o )
0 311*42 3*5109 1*2558 1 .8 9 9 1 81 000
10 1 8 4 .8 2 .0 8 3 4 0 .7 3 4 0 1 . 0 0 9 2 43 100
20 171*0 1 .9 2 7 8 0 .6 5 6 3 0 .8 9 1 7 38 000
30 1 6 1 .3 1 .8 1 8 5 0 .5 9 8 0 0 .7 8 4 3 35 5 0 0
40 1 5 4 .2 1 .7 3 8 4 0 .5 5 2 9 0*7399 31 600
50 1 5 0 .0 1 .6 9 1 1 0 .5 2 5 3 0 . 7 0 0 2 29 900
60 1 4 4 .7 1 .6 3 1 3 0 .4 8 9 3 0 .6 4 3 5 27 500
70 1 4 1 .6 1 .5 9 6 4 0 .4 6 7 7 0 .6 1 8 5 26 400
80 139*6 1*5738 0 .4 5 3 4 0 .5 9 8 4 25 5 0 0
90 137*2 1 .5 4 6 8 0 .4 3 6 1 0 .5 7 4 3 24 500
100 135*7 1 .5 2 9 9 0 .4 3 5 3 0 .5 5 9 0 23 800
110 1 3 4 .5 1*5163 0 .4 1 6 2 0 .5 4 6 6 23 300
120 133*3 1 .5 0 2 8 0 .4 0 7 3 0 .5 3 4 2 23 000
130 133*0 1 .4 9 9 4 0 .4 0 5 0 0 .5 3 1 1 22 7 0 0
140 1 3 2 .6 1 .4 9 4 9 0 .4 0 2 0 0 .5 2 7 0 22 5 0 0
1 5 0 131*8 1 .4 8 5 9 0 .3 9 6 0 0 .5 1 8 6 22 100
160 1 3 0 .5 1 .4 7 1 3 0 .3 8 6 1 0 .5 0 5 1 21 500
170 1 3 0 .1 1 .4 6 6 7 0 .3 8 3 0 0 .5 0 0 7 21 400
180 1 3 O0O 1 .4 6 5 6 0 .3 8 2 2 0 .4 9 9 7 21 300
210 1 2 9 .3 1 .4 5 7 7 0 .3 7 6 8 0 .4 8 9 7 20 9 0 0
230 1 2 8 .4 1 .4 4 7 6 0 .3 6 9 9 0 .4 8 2 8 .20 600
260 1 2 8 .0 1 .4 4 3 1 0 .3 6 6 7 0 .4 7 8 5 20 400
Li) S u lp h u r ic  a c i d  = 7*387 x  10 2 M
0 311*42 3 .5 1 0 9 1 .2 5 5 8 1 .8 9 9 1 81 000
10 1 6 4 .5 1 .8 5 4 6 0 .6 1 7 6 0 .8 3 4 3 35 600
20 145*9 1 .6 4 4 9 0 .4 9 7 6 0 .6 6 0 8 28 200
30 1 3 6 .8 1 .5 4 2 3 0.1-332 0 .5 7 0 2 24 300
40 1 3 0 .7 1 .4 7 3 5 0 .3 8 7 6 0 .5 0 7 0 21 600
50 1 2 6 .1 1 . ' ’216 0 .3 5 1 0 0 .4 5 3 1 19 500
60 1 2 3 .4 1 .3 9 1 2 0 .3 3 0 1 0 .4 2 8 8 18 300
70 1 2 0 .0 1 * 3529 0 .3 0 2 2 0 .3 9 1 2 16 7 0 0
80 1 1 8 .3 1*3337 0 .2 8 7 9 0 .3 7 2 0 15 900
90 1 1 6 .7 1 .3 1 5 7 0 .2 7 4 3 0*3538 15 100
100 1 1 6 .0 1 .3 0 7 8 0 .2 6 8 3 0 .3 4 5 8 14 800
110 115*1 1 .2 9 7 6 0 .2 6 0 5 0 .3 3 5 4 14 300
120 1 1 4 .0 1 .2 8 5 2 0 .2 5 0 9 0 .3 2 2 6 13 800
130 1 1 2 .9 1 .2 7 2 8 0 .2 4 1 2 0 .3 0 9 8 13 200
140 1 1 2 .3 1 .2 6 6 1 0 .2 3 5 9 0 .3 0 2 8 12 900
150 1 1 2 .0 1 .2 6 2 7 0 .2 3 3 3 0 .2 9 9 3 12 800
160 1 1 1 .3 1 .2 5 4 8 0 .2 2 6 9 0 . 2 9 1 0 12 400
170 1 1 0 .8 1 .2 4 9 2 0 .2 2 2 5 0 .2 8 5 1 12 200
180 1 1 0 .6 1 .2 4 6 9 0 .2 2 0 6 0 .2 8 2 8 12 100
240 1 10 94 1 .2 4 4 6 0 .2 1 8 8 0 .2 8 0 3 12 000
TABLE VI o2 c o n t in u e d  
( i i i )  S u lp h u r ic  a c id  =
-  *24 -  
= 9 -2 3 4  x 10~2 M
Time
(m in u te s )
F lo w - tim e  
( s e c s ) 6=
^
CD H l n  X e l [ n d Mn
0 3 1 1 .4 2 3 -5 1 0 9 1 .2 5 5 8 1 .8 9 9 1 81 000
10 1 5 7 -5 1 -7 7 5 6 0 .5 7 4 1 0 . 7 7 0 5 32 9 0 0
2 0 1 4 0 .8 1 -5874 0 .4 6 2 0 0 .6 1 0 5 26 0 0 0
30 1 3 1 .3 1 .4 8 0 3 0 . 3 9 2 2 0 . 5 1 3 4 21 9 0 0
40 1 2 5 -7 1 .4 1 7 1 0 .3 4 8 6 0 -4 5 3 7 19 400
50 1 2 1 .4 1 - 3687 0 .3 1 3 8 0 .4 0 6 8 17 400
60 1 1 8 .8 1 -3 3 9 3 0 . 2 9 2 1 0 .3 7 7 6 16 1 0 0
70 1 1 6 .4 1 . 3 1 2 2 O. 2 7 1 7 0 -3 5 0 3 14 9 0 0
80 1 1 4 .6 o2 9 2 0 0 . 2 5 6 1 0 .3 2 9 6 14 1 0 0
90 1 1 3 - 2 1 . 2 7 6 2 0 .2 4 3 8 0 .3 1 3 4 13 400
1 0 0 1 1 2 . 0 1 . 2 6 2 7 0 . 2 3 3 2 0 -2 9 9 3 1 2 800
1 1 0 1 1 1 . 1 1 .2 5 2 5 0 .2 2 5 1 0 .2 8 8 6 1 2 3 00
1 2 0 1 1 0 .3 1.24-35 0 .2 1 7 9 0 .2 7 9 1 11 9 0 0
1 3 0 1 0 9 .8 1 . 2 3 7 9 0 .2 1 3 4 0 -2 7 3 2 11 7 0 0
140 1 0 9 - 2 1 . 2 3 1 1 0 .2 0 7 9 0 -2 6 6 0 11 400
150 1 0 8 .7 1 .2 2 5 5 0 .2 0 3 3 0 -2 6 0 0 11 2 0 0
160 1 0 8 .2 1 . 2 1 9 8 0 . 1 9 8 6 0 -2 5 3 9 10 800
170 1 0 7 -6 1 . 2 1 3 1 0 .1 9 3 1 0 -2 4 6 7 1 0 ,5 0 0
( i v )  S u lp h u r ic  a c i d  = 9 -6 2 4  x  10 " 2  M
0 3 1 1 -4 2 3 -5109 1 -2 5 5 8 1 .8991 81 0 0 0
1 0 1 5 5 -0 1 .7 4 7 5 0 .5 5 8 1 0 .7 4 7 4 31 9 0 0
2 0 1 3 8 -7 0 1 -5 6 3 7 0 .4 4 7 0 0 .6 9 9 2 24 800
30 1 2 8 .7 1 .4 5 1 0 0 .3 7 2 2 0 .4 8 6 0 2 0 7 0 0
40 1 2 2 .8 1 .3 8 4 4 0 .3 2 5 2 0 .4 2 2 1 18 000
50 1 : 8 - 6 1 -3371 0 .2 9 6 5 0 .3 8 7 8 16 500
60 1 1 6 .3 1 . 3 1 1 2 0 .2 7 0 9 0 -3 4 9 2 14 900
70 1 1 4 .1 1 .2 8 6 4 0 .2 5 1 8 0 .3 2 3 9 13 800
80 1 1 2 .5 1 -2 6 8 3 0 -2 3 7 6 0 .3 0 5 2 13 000
90 1 1 1 .4 1 .2 5 5 9 0 . 2 2 7 8 0 - 2 9 2 2 12 5 0 0
100 1 1 0 .3 1 -2435 O-2 1 7 9 0 .2 7 9 1 11 90.0
110 1 0 9 -4 1 .2 3 3 4 0 .2 0 9 7 0 -2 6 8 4 1 4 5 0 0
120 1 0 8 .7 1 .2 2 5 5 0 .2 0 3 3 0 .2 6 0 0 11 100
130 1 0 8 .2 1 .2 1 9 8 0 .1 9 8 6 0 .2 5 3 9 10 800
140 1 0 7 -5 1 .2 1 2 0 0 .1 9 2 2 0 .2 4 5 5 10 5 0 0
150 1 0 7 . 1 1 .2 0 7 4 0 .1 8 8 4 0 -2 4 0 6 1 0 3 0 0
160 1 0 6 .7 1.2029 0 .1 3 4 7 0  2357 10 100
1 7 0 1 0 6 .2 1 .1 9 7 3 0 .1 8 0 0 0 -2 2 9 6 9 800
180 1 0 5 . 8 1 .1 0 2 8 0 .1 7 6 3 0 -2 2 4 7 9 600
190 1 0 5 - 8 1 .1 9 2 8 0 .1 7 6 3 0 -2 2 4 7 9 600
200 1 0 5 -3 1 .1 8 7 1 0o1715 0 .2 1 8 5 9 30 0
210 105-1 1 .1 8 4 9 0 .1 6 9 6 0 .2 1 6 1 9 200
-  1 2 5
EFFECT OF SULPHURIC ACID CN DEGRADATION OF CELLULOSE TRIACETATE (0.8g./dl)
T IM E  I N  M IN U T E S
• FIG. VI. 2
4.
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TAHLE V I. 3
EFFECT OF CONCENTRATION OF CELLULOSE TRIACETATE ON ITS
DEGRADATION IN CHLOROFORM CONTAINING 2 .1 1 6  M. AOETIO 
ANHYDRIDE AMI) 3 .6 7 0  x  IQ " 8 M. STOSTOBIO AOTB AT §S60
( i )  C e l lu lo s e  t r i a c e t a t e  -  0 -3 2 0 0  g . / d l .
S o lv e n t  f lo w  tim e  = 8 8 .7 0  s e c s ’
Time
( m in u te s )
F lo w - tim e  
( s e c s )
n  ■
r e l l n  ^ r e l r u o i Mn
0 1 5 6 .2 9 1 .7 6 2 0 0 .5 6 6 4 1 .8 9 8 4 8 1 ,0 0 0
15 - 1 2 2 .0 ' 1 .3 7 5 4 0 . 3 1 8 7 1 .0 3 3 1 4 4 ,1 0 0
25 1 1 4 .5  '• '1 .2 9 0 9 0 .2 5 5 3 0 .8 2 1 1 3 5 ,0 0 0
35 1 0 .2  . ' 1 .2 4 2 4 0 . 2 1 7 0 0 .6 9 4 8 2 9 ,6 0 0
43 1 0 7 .4 ■1.2108 0 . 1 9 1 2 0 .6 1 0 6 2 6 ,0 0 0
55 , 1 0 5 .5 1 .1 8 9 4 0 .1 7 3 4 0 .5 5 2 6 2 3 ,6 0 0
65 1 0 4 .2 1 . 1 747 0 .1 6 1 0 0 . 5 1 2 1 2 1 ,8 0 0
135 1 0 0 .1 1 .1 2 9 0 .1 2 1 4 0 .3 8 4 1 1 6 ,4 0 0
( i i )  C e l l u l o s e  t r i a c e t a t e  * 0 .4 8 0 0  g / d l .
0 1 9 9 .4 4 2 .2 4 8 5 0 .8 1 0 2 1 .8 7 9 8 8 1 ,0 0 0
10 1 3 5 .1 1 .6 3 5 9 0 .4 9 2 1 1 .0 8 8 2 4 6 ,4 0 0
20 : 1 2 9 .6 1 .46-: i 0 .3 7 9 1 0 .8 2 5 8 3 5 ,2 0 0
30 1 2 1 .9 1.374*3 0 .3 1 7 9 0 .6 8 7 0 2 9 ,3 0 0
40 1 1 6 .7 • 1 .3 1 5 7 0 .2 7 4 3 0 .5 8 9 7 2 5 , 2 0 0
50 1 1 3 .6 1 .2 8 0 7 0 .2 4 7 4 0 .5 3 0 0 2 2 ,6 0 0
2 0 ,6 0 0
1 5 ,3 0 0
60 1 1 1 .2 1 .2 5 3 6 0 .2 2 6 0 0 .4 8 2 9
130 1 0 5 .0  ■ 1 .1 8 3 8 0 .1 6 8 7 0 .3 5 8 1
( i i i )  C e l l u l o s e  t r i a c e t a t e  = 0 .6 4 0 0  g . / d l
0 2 5 2 .6 9 2 .8 4 8 8 1 .0 4 6 9 1 .8 9 8 8
10 1 6 9 .4 1 .9 0 9 8 0 .6 4 7 0 1 .0 9 7 1
-20 ft 4 9 .2 1 .6 8 2 1 0 .5 2 0 0 0 .8 6 5 7
30 1 3 7 .6 1 .5 5 1 3 . 0.4-390 0 .7 2 2 9
40 1 2 8 .5 1 .4 4 8 7 0 .3 7 0 6 0 .6 0 4 8
50 1 2 4 .1 1 .3 9 9 1 0 -3 3 5 8 0 .5 4 5 5
60 1 2 0 .9 1 .3 6 3 0 0 .3 0 9 6 0 .5 0 - .4
70 1 1 8 .1 1 .3 3 1 5 0 .2 8 6 3 0 .4 6 2 2
80 1 1 6 .2 1 .3 1 0 0 0 . 2 7 0 0 0 .4 3 5 0
90 1 1 4 .6 1 . 2 9 2 0 0 .2 5 6 2 ■ 0 .4 1 2 1
100 *. . 1 1 3 .3 , 1 .2 7 7 3 0 .2 4 4 7 0 .3 9 3 2
130 1 1 0 .1 1 .2 4 1 3 0 .2 1 6 1 0 .3 4 6 0
1 7 0 1 0 8 .1 1 .2 1 8 7 0 .1 9 7 7 0 .3 1 5 9
8 1 ,0 0 0  
4 6 ,8 0 0  
3 6 ,9 0 0  
3 0 ,8 0 0  
2 5 ,8 0 0  
2 3 , 3 0 0  
2 1 ,4 0 0  
1 9 .7 0 0  
1 8 ,6 0 0  
1 7 ,6 0 0  
1 6 ,8 0 0  
1 4 ,8 0 0  
1 3 ,5 0 0
-  "127 -
TABLE V I-3 c o n t in u e d
( i v )  C e l lu lo s e  t r i a c e t a t e  = 0 -8 0 0 0  g . / d l *
Time
( m in u te s )
F lo w - tim e  
( s e c s ) H o \ Hn
0 3 1 1-42 3 . 5 1 0 9 1 .2 5 5 8 1 .8 9 9 1 8 1 ,0 0 0
15 1 8 5 -2 2 .0 8 7 9 0 .7 3 6 1 1 .0 1 2 6 4 3 ,2 0 0
25 1 6 4 .6 1 .8 5 5 7 0 .6 1 8 2 0 .8 3 5 2 3 5 ,6 0 0
35 1 5 3 -2 1 . 7 2 7 2 0 .5 4 6 5 0 .7 3 0 5 3 1 , 2 0 0
45 1 4 4 .5 1 .6 2 9 1 0 -4 8 8 0 0 .6 4 7 0 2 7 , 6 0 0
55 1 3 8 .6 1 . 5 6 2 6 0 .4 4 6 3 0 .5 8 8 5 2 5 , 1 0 0
65 1 3 3 -9 1 .5 0 9 6 0 -4 1 1 8 0 .5 4 0 4 2 3 , 1 0 0
75 1 2 9 .9 1 .4 6 4 5 0 -3 8 1 5 0 .4 9 8 7 2 1 , 3 0 0
85 1 2 7 - 6 1 .4 3 8 6 0 .3 6 3 6 0 .4 7 4 3 2 0 , 2 0 0
95 1 2 5 -3 1 .4 1 2 6 0 -3 4 5 4 0 . 4 4 9 4 1 9 , 2 0 0
105 1 2 3 -4 1 .3 9 1 2 0 .3 3 0 1 0 .4 2 8 8 1 8 ,3 0 0
115 1 2 1 .8 1 .3 7 3 2 0 .3 1 7 1 0 .4 1 1 2 1 7 ,5 0 0
155 1 1 7 -7 1 .3 2 6 9 0 -2 8 2 8 0 .3 6 5 2 1 5 ,6 0 0
-  1 2 8  -
T I M E  I N  M IN U T E S
FIG. VI. 3 "
-  1 2 9  -
TABLE V I .4
EFFECT OE TEMPERATURE ON DEGRADATION OP CELLULOSE
TRIACETATE ( 0 .8  g . / d l . )  IN CHLOROFORM CONTAINING 
1 .6 8 6  x  1 0 " 2 SULPHURIC ACID AND 2 .1 1 6  M. ACETIC ANHYDRIDE
( i )  T e m p e ra tu re  « 1 5 °C . S o lv e n t  f lo w  t im e  = 99*10 s e c s .
Time
(m in u te s )
F lo w - tim e
( s e c s ) \ e l  ln  %r e l
0 4 0 7 .5 0 4 .1 1 2 0 1 .4 1 3 9 2 . 1 1 1 7
10 265*72 2 . 6 8 1 3 0 .9 8 6 3 1*3739
2 0 2 4 9 .8 0 2 .5 2 0 7 0 .9 2 4 5 1 . 2 7 6 6
30 237*09 2 .3 9 2 4 0 .8 7 2 3 1 .1 9 5 9
40 2 2 8 .1 2 2 .3 0 1 9 0*8337 1 . 1 3 7 1
50 218 #71 2 . 2 0 7 0 0*7916 1 . 0 7 3 8
60 2 1 1 .2 5 2 .1 3 1 7 0*7569 1 . 0 2 2 1
70 2 0 5 .0 5 2*0691 O.7 2 7 1 0 .9 7 8 3
80 2 0 0 .0 8 2 ,0 1 9 0 0 .7 0 2 6 0 .9 4 2 5
90 195*38 1 .9 7 1 5 0 .6 7 8 7 0 .9 0 7 9
100 1 9 0 .9 8 1 .9 2 7 1 0 .6 5 6 0 0 .8 7 5 0
110 187*45 1 .8 9 1 5 0*6373 0 .8 4 8 3
120 1 8 4 .0 3 1 .8 5 7 0 0 .6 1 8 9 0 .8 2 2 0
135 1 8 1 .2 8 1 .8 2 9 3 0 .6 0 3 9 0 .8 0 0 6
150 1 7 8 .5 0 1 .8 0 1 2 0 .5 8 8 4 0 .7 7 8 8
165 1 7 6 .0 0 1 .7 7 6 0 0*5743 0 .7 5 8 9
180 173*96 1*7554 0 .5 6 2 7 0 .7 4 2 5
200 171*74 1*7330 0 .5 4 9 8 0 .7 2 4 5
220 1 7 0 .0 3 1 *7156 0 .5 3 9 7 0*7104
240 1 6 8 .0 9 1 .6 9 6 2 0 .5 2 8 3 0 .6 9 8 5
i i ) T e m p e ra tu re  = 2 0 °C . S o lv e n t  f lo w  t im e  = 9 5 »(
0 357*97 3*7677 1 .3 2 6 5 2 .0 1 0 9
15 2 3 0 .0 8 2 .4 2 1 8 0 .8 8 4 5 1 .2 3 7 0
25 2 1 3 * 1 2 2 .2 4 3 3 0 .8 0 7 9 1 .1  '166
35 2 0 0 .2 2 2 .1 0 7 5 0*7455 1 .0 2 0 5
45 191*09 2 .0 1 1 5 0 .6 9 8 8 0 .9 5 0 0
55 183*64 1*9330 0 .6 5 9 0 0 .8 9 0 9
65 177*80 1 .8 7 1 5 0 .6 2 6 7 0 .8 4 3 3
85 173*12 1 .8 2 2 3 0 .6 0 0 1 0 .8 0 4 5
105 169*07 1 . n796 0 .5 7 6 ^ 0 .7 ^ 0 2
125 165*55 1 .7 4 2 6 0*5553 0 .7 4 0 1
145 1 6 2 .7 4 1*7130 0 .5 3 8 2 0 .7 1 5 6
165 1 6 0 .2 4 1 .6 8 6 7 0 .5 2 2 7 0 .6 9 3 6
185 1 5 8 .1 0 1 .6 6 4 2 0 .5 0 9 3 0 .6 7 4 5
215 " 5 6 .1 0 1 .6 4 3 1 0 .4 9 6 5 0 .6 5 6 6
245 154*44 1 .6 2 5 6 0 .4 ^ 5 8 0 .6 4 1 6
Mel
8 1 ,0 0 0
5 2 .9 0 0  
4-9,100
4 6 .0 0 0
4 3 .8 0 0
4 1 .3 0 0
3 9 .3 0 0
3 7 .7 0 0
3 6 .3 0 0
3 4 .9 0 0
3 3 .7 0 0
3 2 . 7 0 0
3 1 .6 0 0
3 0 .8 0 0
3 0 . 0 0 0  
2 9 ,2 0 0
2 8 .6 0 0
2 7 .9 0 0
2 7 .3 0 0  
2 6 ,9 0 0
8 1 ,0 0 0  
5 0 ,1 0 0
4 5 .2 0 0
4 1 .3 0 0  
3 8 ,4 0 0  
3 6 ,1 0 0
3 4 .1 0 0  
3 2 ,6 0 0
3 1 . 2 0 0  
3 0 ,0 0 0  
2 9 , 0 0 0
2 8 .1 0 0
2 7 .3 0 0  
2 6 ,6 0 0  
2 6 ,0 0 0
130
TABLE V I .4  c o n t in u e d
( i i i )  T e m p e ra tu re  = 25°C - S o lv e n t  f lo w  tim e  = 8 8 -7 0  s e c s
Time
a in u te s )
E lo w -tim e
( s e c s )
77
r e i l n  l e i PM Mn
0 3 1 1 -4 2 3-5109 1 -2 5 5 8 1 -8 9 9 2 8 1 ,0 0 0
10 2 0 5 - 2 1 2 -3 1 3 5 0 -8 3 8 7 1 -1731 5 0 , 0 0 0
20 1 9 0 .4 3 2 -1 4 6 9 0 -7 6 4 0 1 .0 5 5 5 4 5 ,0 0 0
30 1 7 8 -2 6 2 -0 0 9 7 0-6 9 7 9 0 -9 5 4 3 4 0 ,7 0 0
40 •168-52 1 -8 9 9 9 0 -6 4 1 8 0 -8 7 0 0 3 7 ,1 0 0
50 1 6 2 -6 7 1 -8 3 3 9 0 -6 0 6 4 0 -8 1 4 8 3 4 ,8 0 0
60 1 5 8 -2 7 1 -7 8 4 3 0 -5 7 9 0 0 -7 7 7 6 3 3 ,2 0 0
70 155-41 1-7521 0 -5 6 0 8 0 - 7 5 1 2 3 2 , 0 0 0
80 153-21 1 -7273 9 0 54-65 0 -7 3 0 7 3 1 , 2 0 0
90 1 5 1 -0 6 1 -7030 0 -5 3 2 3 0 -7 1 0 3 3 0 ,3 0 0
100 1 4 9 -0 2 1 .6 8 0 0 0 -5 1 8 7 0 -6 9 0 8 2 9 ,5 0 0
110 147-81 1 -6 6 6 4 0 -5 1 0 6 0 -6 7 9 2 2 9 , 0 0 0
120 1 4 6 -9 6 1 -6 5 6 8 0 -5 0 4 8 0 -6 7 1 0 2 8 ,6 0 0
130 1 4 5 -8 2 1 ..6440 0-4971 0 -6 5 9 9 2 8 ,2 0 0
140 1 4 4 -9 4 1 -6 3 4 0 0 -4 9 1 0 0 -6 5 1 3 2 7 ,8 0 0
150 1 4 3 .9 1 1 -6 2 2 4 0 -4 8 3 9 0 -6 4 1 2 2 7 ,4 0 0
160 1 4 3 .0 6 1 -6 1 2 9 0 -4 7 8 0 0 -6 3 2 9 2 7 , 0 0 0
170 1 4 2 -5 2 1 -6 0 6 8 0 -4 7 4 2 0 -6 2 7 5 2 6 ,8 0 0
180 141 -46 1 -5 9 4 8 0 -4 6 6 7 0 -6 1 7 0 2 6 ,3 0 0
210 1 4 0 -8 7 1 -5 8 8 2 0 -4 6 2 6 0 -6 1 1 2 2 6 ,1 0 0
240 1 4 0 -3 7 1 -5 8 2 5 0 -4 5 9 0 0-6061 2 5 ,9 0 0
_v) T e m p e ra tu re  = 3 0 °C- S o lv e n t f lo w  tim e = 8 5 .6 0 s e c s  -
0 2 8 9 -8 4 3 -3 8 6 0 1 -2 1 9 6 1 -8 4 4 0 8 1 ,0 0 0
10 1 7 5 -5 4 2 - 0 5 0 7 0-7181 0 -9 8 8 8 4 3 ,4 0 0
20 1 5 9 -2 0 1 -8 5 9 8 0 -6 2 0 4 0 -8 4 1 2 3 7 ,0 0 0
. 30 151 -18 1-7661 0 -5 6 8 7 0-7651 3 3 ,6 0 0
40 1 4 5 -9 7 1 -7 0 5 3 0 -5 3 3 7 0 -7141 3 1 ,4 0 0
50 1 4 2 .5 9 1 -6 6 5 8 0 -5 1 0 3 0 -6 8 0 5 2 9 ,9 0 0
60 1 4 0 -3 9 1-6401 0 -4 9 4 7 0 -6 5 8 3 2 8 ,9 0 0
70 137-71 1 -6 0 8 8 0 -4 7 5 3 0 -6 3 0 9 2 7 ,7 0 0
80 1 3 7 .0 3 1 -6 0 0 8 0 -4 7 0 5 0 -6 2 3 8 2 7 ,4 0 0
90 1 3 6 -8 3 1 -5 9 8 5 0 -4 6 9 0 0 -6 2 1 8 2 7 ,3 0 0
100 1 3 6 -2 6 1 -5 9 1 8 0 -4 6 4 8 0 -6 1 5 9 2 7 , 1 0 0
110 1 3 5 -8 2 1 -5 8 6 7 0 ,4 6 1 6 0 -6 1 1 4 2 6 ,9 0 0
120 1 3 5 -3 6 1 -5813 0 -4 5 8 2 0 -6 0 6 6 2 6 ,7 0 0
130 1 3 4 -9 4 1 -5 7 6 4 0-4551 0-6021 2 6 ,5 0 0
180 1 3 4 -5 4 1 -5717 0-4521 0 -5 > 8 0 2 6 ,3 0 0
240 1 3 3 -8 4 1 -5 6 3 6 0 -4 4 7 0 0 -5 9 0 7 2 5 ,9 0 0

TABLE V I-5
EFFECT OP TEMPERATURE ON DEGRADATION OF CELLULOSE
-  1 3 2  -
TRIACETATE ( 0 - 8  g . / d l . )  IN  CHLOROFORM CONTAINING 
1 .6 8 6  x  10” 2 M SULPHURIC ACID AND 3 -1 7 4  M. ACETIC ANHYDRIDE
] i )  T e m p e ra tu re  * 1 5 °C 0 S o lv e n t f lo w  tim e  <= 1 1 0 .2 0 s e c s .
Time
’m in u te s )
F lo w -tim e
( s e c s ) % e l l n  L e i t w
Hn
0 4 7 1 .6 6 4 .2 8 0 0 1 .5 4 4 0 2 .1 5 8 6 8 1 ,0 0 0
15 3 2 9 -6 2 .9 9 0 9 1 .0 9 5 5 1 -5 1 6 7 5 6 ,9 0 0
25 3 1 7 -7 2 .8 8 3 8 1 .0591 1 .4 7 7 9 5 5 ,5 0 0
35 3 0 5 -2 2 -7 6 9 5 1 .0 1 8 6 1 .4 1 3 6 5 3 ,0 0 0
45 2 9 7 -4 2 .6 9 8 7 0 . 9 9 2 7 1 -3 7 2 9 5 1 , 5 0 0
55 2 8 7 .4 2 .6 0 8 0 0 .9 5 8 5 1 -3196 4 9 ,5 0 0
65 2 8 0 .9 2 c 5490 0 .9 3 5 7 1 .2 8 4 2 4 8 ,2 0 0
75 2 7 5 -0 2 .4 9 5 5 0 .9 1 4 4 1 . 2 5 1 7 4 7 ,0 0 0
85 2 6 9 .7 2 .4 4 7 4 C .8950 1 .2 2  19 4 5 ,8 0 0
95 265-1 2 .4 0 5 6 0 .8 7 7 8 1 .1 9 5 8 4 4 ,9 0 0
105 4 2 6 1 .1 2 .3 6 9  7 0 .8 6 2 6 1 .1 7 2 9 4 4 ,0 0 0
1 1 5 2 5 7 -6 2 .3 3 7 6 0 .8 4 9 1 1 .1 5 2 6 4 3 ,2 0 0
125 2 5 4 .2 2 ,3 0 6 7 0 .8 3 5 8 1 .1 3 2 7 4 2 ,5 0 0
145 251 -2 2 .2 7 9 4 0 .8 2 3 9 1 .1 1 5 0 4 1 ,8 0 0
165 2 4 8 .7 2 .2 5 6 8 0 .8 1 3 9 1 .1 0 2 2 4 1 ,4 0 0
185 2 4 5 -6 5 2 .2 2 9 1 0 .8 0 1 6 1 .0 8 1 9 4 0 ,6 0 0
205 2 4 3 .6 6 2 .2 1 1 1 0 .7 9 3 5 1 .0 6 9 9 4 0 ,1 0 0
225 2 4 1 .3 1 2 .1 8 9 7 0 .7 8 3 7 1 -0 5 5 6 3 9 ,6 0 0
245 2 3 9 -3 3 2 .1 7 1 8 0 .7 7 5 5 1 .0 4 3 5 3 9 ,2 0 0
i i )  T e m p e ra tu re  = 2 0 ° C0 S o lv e n t f lo w  tim e * 1 0 3 -6 0 s e c s  0
0 4 2 7 .6 6 4 .1 2 7 6 1 .4 1 7 8 2 .1 1 2 4 8 1 ,0 0 0
15 2 8 0 .1 0 2 .7 0 3 4 0 .9 9 4 5 1-3841 5 3 ,1 0 0
25 2 7 1 . 7 1 2 .6 2 2 3 0 .9 6 4 1 1 -3 3 6 0 5 1 , 2 0 0
35 2 6 3 -4 0 2 .5 4 2 3 0 .9 3 3 1 1 -2 8 7 5 4 9 ,4 0 0
45 2 5 6 .1 1 2 .4 7 1 8 0 .9 0 4 9 1 .2 4 3 9 4 7 ,7 0 0
55 2 5 0 . 1 0 2 .4 1 3 9 0 .6 8 1 2 1 .2 0 7 5 4 6 ,3 0 0
65 2 4 3 -1 2 2 .3 4 6 5 0 0 8 5 2 9 1 .1 6 4 3 4 4 ,7 0 0
75 2 4 0 .8 8 2 .J 2 4 9 0 .8 4 3 7 1 .1 5 0 4 4 4 ,1 0 0
85 2 3 7 -6 5 2 .2 9 3 6 0 .8 3 0 1 1 .1 2 9 8 4 3 ,3 0 0
105 2 3 3 .8 8 2 .2 5 7 3 0 .8 1 4 2 1 -1059 4 2 ,4 0 0
125 2 .2 8 5 5 2 .2 0 5 9 0 .7 9 1 1 1 .0 7 1 4 4 1 ,0 0 0
135 2 2 7 -7 5 2 .1 9 8 1 0 .7 8 7 6 1 -0 6 6 2 4 0 , 9 0 0
155 2 2 4 .5 1 2 .1 6 6 9 0 .7 7 3 3 1 .0 4 4 9 4 0 ,1 0 0
165 223-11 2 .1 5 3 4 0 .7 6 7 1 1 -0 3 5 7 3 9 ,7 0 0
195 2 2 0 .8 2 2 .1 3 1 3 0 .7 5 6 7 1 .0 2 0 4 3 9 ,1 0 0
225 2 1 9 -1 8 2 .1 1 5 4 0 .7 4 9 2 1 .0 0 9 4 3 8 ,7 0 0
255 2 1 7 .3 1 2 .0 9 7 4 0 .7 4 0 7 0 .9 9 6 8 3 8 ,2 0 0
275 2 1 5 .7 9 2 .0 8 2 7 0 -7 3 3 7 0 .9 8 6 6 3 7 ,8 0 0
1 3 3
TABLE V Io5 c o n t in u e d
( i i i )  T e m p e ra tu re  = 25°C* S o lv e n t  f lo w  tim e 9 7 * 6 0  s e c s
Time 
( m in u te s )
P lo w - tim e  
( s e c s )
n
v r e l ln  t e l w a
0 5 8 1 * 6 2 3*9^00 1*3635 2 * 0 2 1 0
15 250*7 2 * 5 6 8 6 0*9433 1 .3 0 7 3
25 236*74 2*4356 0*8860 1 *2181
35 227*79 2*3339 0*8475 1*1590
45 2 2 1 *54 2*2699 0*8197 1 *1168
55 217*73 2 * 2 3 0 8 0*8023 1*0907
65 213*40 2*1865 0*7823 1*0606
75 2 1 0 * 7 0 2 * 1 5 8 8 0*7695 1*0517
85 208*49 2 * 1 3 6 2 0 * 7 5 9 0 1*0260
95 2 0 7 * 0 0 2*1209 0*7518 1*0153
1 0 5 205*59 2*1065 0*7450 1 *0053
1 1 5 204*72 2*0975 0*7407 0*9990
125 204*24 2*0926 0*7384 0*9955
145 202*53 2*0761 0 * 7 3 0 0 0*9833
185 201*04 2*0598 0 * 7 2 2 6 0*9723
245 199*07 2*0397 0 * 7 1 2 8 0*9579
Mn
8 1 ,0 0 0  
5 2 ,2 0 0
4 8 .8 0 0
4 6 .4 0 0
4 4 .7 0 0
4 3 .7 0 0  
4 2 ,5 0 0  
41 , 7 0 0  
4 1 ,1 0 0  
4 0 ,6 0 0  
4 0 , 240r 
4 0 ,0 0 0
3 9 .8 0 0
3 9 .4 0 0  
3 8 ,9 0 0  
3 8 ,3 0 0
( i v )  T e m p e ra tu re  = 30°C„ S o lv e n t  f lo w  tim e  = 9 + „ 5 3  s e c s
0 362*05
15 210*39
25 1 9 8 * 1 8
35 192*11
45 188*80
55 1 8 6 . 6 7
65 1 8 4 .4 4
85 184*02
105 1 8 3 .6 7
125 1 8 3 . 0 2
145 182*79
165 182*46
185 182*10
205 1 8 5*80
225 18 *50
245 181*22
3 .8 3 1 2  1.34-31
2 . 2 2 5 6  0 .8 0 0 0  
2 .0 9 6 5  0.74-02
2 .0 3 2 3  0 .7 0 9 1
1 . 0 0 7 2  0 . 6 9 1 7  
1.974-7 0 .6 8 0 4
1 .9 5 1 1  0 .6 6 8 3
1 .9 4 6 7  0 .6661
1 .9 4 3 0  0 .6 6 4 2
1 . 9 5 6 1  0 .6 6 0 6  
1 .9 3 5 7  0 .6 5 9 4
1 .9 3 0 2  0 .6 5 7 6
1 .9 2 6 4  0 .6 5 5 6
1 .9 2 3 2  0 .6 5 3 9
1 .9 2 0 0  0 .6 5 2 3  
1 .917 ''' 0 .6 5 0 8
2 .0 0 1 2  8 1 ,0 0 0  
1 .0 9 2 2  4 4 ,2 0 0
1 .0 0 2 5  4 0 ,6 0 0
0 .9 5 6 5  3 8 ,7 0 0
0 .9 3 0 9  3 7 ,7 0 0
0 .9 1 4 2  3 7 ,0 0 0
0 .8 9 6 7  3 6 ,3 0 0
0 .8 9 3 4  3 6 ,2 0 0
0 .8 9 0 6  3 6 ,1 0 0
0 .8 8 5 5  3 5 ,9 0 0
0 .8 8 3 6  3 5 ,8 0 0
0 .8 8 1 0  3 5 ,7 0 0
0 .8 7 8 2  3 5 ,6 0 0  
0 .8 7 7 9  3 5 ,5 0 0
0 .8 7 3 3  3 5 ,4 0 0
0 .8 7 1 2  3 5 ,3 0 0
10
3
-  135 -  
TABLE V I .6
EFFECT OF ACETIC AHHXDRIDE ON DEGRADATION (TP fiKT.T.TTT.ORT?
TRIACETATE CO.8 g . / d l . )  IN  CHLOROFORM CONTAINING
2 .4 0  x  10~ 5 Mo PERCHLORIC ACID 0
YCMa<
( i )  A c e t ic  a n h y d r id e  == 1 -0 5 8  Mo S o lv e n t  ;f lo w  t im e = 8 0 -7 0 se c
Time 
( m in u te s )
F low --tim e 
( s e c s ) 1  1• r e i % e l j?7«3
Mn
0 2 5 3 -0 2 3 .1 3 5 3 1 -1 4 2 6 1-7821 8 1 ,0 0 0
5 9 ,3 0 015 1 9 6 -2 2 -4 3 1 0 0 -8 8 8 3 1 -3 0 4 0
25 1 7 7 .8 2 -2 0 4 0 0 -7 9 0 3 1 -1360 5 1 ,6 0 0  
4 4 ,8 0 055 1 6 2 -4 2 -0 1 2 4 0 -6 9 9 3 0 .9 8 5 7
45 1 4 8 .7 1 -8 4 2 6 0*6111 0 -8 4 6 5 3 8 ,5 0 0
55 1 4 0 .7 1 .7 4 3 5 0 -5 5 5 8 0 .7 6 1 8 3 4 ,6 0 0
65 1 3 3 .7 1 -6 5 6 8 0 -5 0 4 8 0 -6 8 5 3 3 1 , 2 0 0
75 1 2 8 .3 1 -5 8 9 8 0 .4 6 3 6 0 .6 2 4 5 2 8 ,4 0 0
85 1 2 3 .8 1-5341 0-4 2 7 9 0 -5 7 2 7 2 6 ,0 0 0
95 1 2 0 .2 1 -4 8 9 5 0 -3 9 8 4 0 .5 3 0 5 2 4 ,1 0 0
105 1 1 6 -9 1 -4 4 8 6 0 .3 7 0 5 0-4911 2 2 , 3 0 0
1 1 5 1 1 4 .4 1 -4176 0 -3 4 8 9 0 .4 6 0 7 2 0 ,9 0 0
125 1 1 2 -2 1 .3 9 0 3 0 -3 2 9 5 0 .4 3 3 6 1 9 ,7 0 0
155 1 0 7 .9 1 .3 3 7 1 0 .2 9 0 5 0 -3 7 9 7 1 7 ,3 0 0
185 1 0 3 .2 1 -2 7 8 8 0 .2 4 5 9 0-3191 1 4 ,5 0 0
245 9 8 .2 1 -2 1 6 9 0 .1 9 6 3 0 .2 5 2 7 1 1 ,5 0 0
( i i )  A c e t ic  a n h y d r id e = 1 -5 8 7  M- S o lv e n t f lo w  t im e = 83 .60se<
0 278*20 2 - 3280 1 -2 0 2 3 1 .8 5 0 5 8 1 ,0 0 010 2 2 3 .1 2 -6 6 8 7 0 -9 8 1 6 1 .4391 6 3 ,0 0 0
20 2 .0 2 1 2 -4 1 5 0 0 -8 8 1 6 1 -2 6 7 0 5 5 ,5 0 0
30 1 8 7 .3 2 -2 4 0 4 0 .8 0 6 6 1 -1 4 2 3 5 0 , 0 0 0
40 1 7 9 .1 2 -1 4 2 3 0 -7 6 1 8 1 .0 6 9 8 4 6 ,8 0 0
50 166 - 9 1 -9 9 6 4 0 .6 9 1 3 0 .9 5 8 3 4 2 ,0 0 060 1 5 7 .1 1 -8 7 9 2 0 .6 3 0 8 0 -8 6 5 2 3 7 ,9 0 0
70 1 4 9 .6 1 -7 9 8 5 0 -5 8 1 9 0 .7 9 1 5 3 4 ,7 0 080 1 4 3 .4 1 -7153 0-5 3 9 5 0 -7 2 8 7 31 ,9 0 0
90 1 3 8 -4 1 .6 5 5 5 0 .5 0 4 1 0 -6 7 6 9 2 9 ,6 0 0
100 1 3 4 .3 1 -6 0 6 5 0 -4 7 4 0 0 .6 ) 3 5 2 7 ,7 0 0110 1 3 0 .5 1 .5 6 1 0 0 -4 4 5 3 0 .5 9 2 3 2 5 ,9 0 0120 1 2 7 .5 1 .5 2 5 1 0 -4 2 2 0 0 .5 5 9 4 2 4 ,5 0 0
150 1 2 0 -2 1 -4 3 7 8 0-3631 0 -4 6 7 5 2 0 ,5 0 0180 1 1 5 .2 1 .3 7 8 0 0 .3 2 0 6 0 -4 1 8 5 1 8 ,3 0 0240 1 0 8 -5 1 -2 9 7 8 0 -2 6 0 6 0 -3 3 7 3 1 4 ,8 0 0
TABLE V I . 6  c o n t i n u e d
-  1 3 6  -
( i i i )  A c e t ic  a n h y d r id e  = 2 .1 1 6  M. S o lv e n t  f lo w  tim e  = 8 8 -7 0 s e c s
Time
(m in u te s )
F lo w - tim e  
( s e c s )
7)
■ rel l n  % e l m
0 3 1 1 -4 2 3-5 1 0 9 1 -2 5 5 8 1 -8 9 9 2
15 251 -2 2 .8 3 2 0 1 -0 4 0 9 1-5091
25 2 2 7 . 8 2 -5 6 8 3 0 -9 4 3 2 1 - 3430
35 2 0 7 - 6 2 .3 4 0 5 0 -8 5 0 3 1 0I 9 I 6
45 1 9 1 .6 2-1601 0-7701 1 .0 6 5 1
55 1 8 0 -0 2 -0 2 9 3 0 -7 0 6 9 0 -9 6 9 0
65 1 6 9 .7 1 - 9 1 32 0 -6 4 8 7 0 -8 8 0 4
75 1 6 2 .6 1-8331 0 .6 0 6 0 0-8171
85 1 5 6 -2 1 -7 6 1 0 0 -5 6 5 8 0 -7 5 8 6
95 1 5 0 -6 1 -6 9 7 9 0 -5 2 9 3 0 -7 0 6 0
105 1 4 6 -3 1 -6 4 9 4 0 -5 0 0 4 0 .6 6 4 6
1 ‘5 1 4 2 -3 1 -6 0 4 3 0 -4 7 2 6 0 -6 2 5 4
125 1 3 8 .8 1 -5 6 4 8 0 - 4 4 7 7 0 .5 9 0 5
135 136-1 1 -5 3 4 4 0-4281 0 -5 6 3 0
145 1 3 3 -7 1 -5 0 7 3 0 -4 1 6 3 0 .5 3 8 3
155 1 3 1 - 2 1 -4791 0 .3 9 1 5 0 .5 1 2 3
175 1 2 7 . 5 1 -4 3 7 4 0 -3 6 2 8 0 .4 7 3 1
205 123-1 1 -3 8 7 8 0 -3 2 7 7 0 .4 2 5 4
Mn
8 1 ,0 0 0
6 4 .4 0 0
5 7 .3 0 0  
5 0 ,8 0 0
4 5 .4 0 0
4 1 .3 0 0  
3 7 ,6 0 0
3 4 .9 0 0
3 2 .4 0 0  
3 0 ,1 0 0
2 8 .4 0 0  
2 6 ,7 0 0  
2 5 , 2 0 0
2 4 .0 0 0
2 3 .0 0 0
2 1 .9 0 0  
2 0 ,2 0 0  
1 8 ,1 0 0
( i v )  A c e t ic  a n h y d r id e  = 3 -1 7 4  M. S o lv e n t  f lo w  tim e  = 9 7 -6 0 se c .
0 3 8 1 .6 2 3 . 9 1 0 0 1 .3 6 3 5 2 -0 2 1 0
15 3 0 8 -5 3 .1 6 0 9 1 .1 5 0 8 1 -6 4 3 4
25 2 8 2 -7 2 -8 9 6 5 1 .0 6 3 5 1 .4 9 9 9
35 2 6 6 .8 2 -7 3 3 6 1 .0 0 5 6 1 -4 0 6 0
45 255-1 2 -6 1 3 7 0 .9 6 0 7 " -5 3 4 7
55 2 4 2 -9 2 -4 8 8 7 0 .9 1 1 7 1 .2 3 7 9
65 2 3 3 .2 2 -3 8 9 3 0 .8 7 1 0 1 .1 9 4 9
75 2 2 4 -7 2 -3 0 2 3 0 .8 3 3 9 1 .1 3 8 3
85 2 1 6 .0 2 - 2 2 2 3 0 .7 9 8 5 1 -0 8 4 9
95 211 -1 2 -1 6 2 9 0 .7 7 1 4 1 -0 4 4 3
105 2 0 5 .7 2 .1 0 7 6 0 .7 ^ 5 5 1-0061
115 2 0 0 5 . 2 .0 5 4 3 0 7199 0 -9 6 8 3
1 2 5 1 9 6 .2 2 -0 1 0 2 0 .6 9 8 2 0 -9 3 6 6
135 1 9 1 .9 1 9662 0 .6 7 6 1 0  0 8 9 9 2
145 1 8 8 .4 1 -9 3 0 3 0 .6 5 7 6 0 .& /7 9
155 1 8 5 .3 1 .8 9 8 6 0-6411 0 .8 5 4 1
165 1 8 1 -9 1 .8 6 3 7 0 .6 2 2 3 0 -8 2 7 6
175 1 7 9 .2 1 .8 3 6 1 0 -6 0 7 6 0 -8 0 6 3
185 1 7 6 .7 1 .8 1 0 5 0 -3 9 3 6 0 -7 8 6 4
195 1 7 4 .2 1 -7 8 4 8 0 .3 7 9 3 0 -7 6 6 2
205 1 7 2 . 0 1 -7 6 2 3 0 -3 6 6 6 0 -7 4 8 3
215 1 7 0 .1 1 -7 4 2 8 0 .3 5 3 4 0 -7 3 2 7
2 2 5 168-1 1 -7 2 2 3 0 .3 4 3 6 0 -7 1 6 2
255 1 6 6 .3 1 -7 0 3 9 0 .3 3 2 9 0-7011
8 1 ,0 0 0  
6 5 ,9 0 0  
6 0 ,0 0 0  
5 6 ,3 0 0
5 3 .4 0 0
5 0 .4 0 0
4 7 .8 0 0  
4 5 ,6 0 0
4 3 .4 0 0  
41 ,8 0 0
4 0 .3 0 0
3 8 .8 0 0
3 7 .5 0 0  
3 6 ,0 0 0  
3 5 ,1 0 0  
3 4 ,2 0 0  
3 5 ,1 0 0
3 2 .3 0 0
3 1 .5 0 0
3 0 .7 0 0  
3 0 ,0 0 0
2 9 . 3 0 0
2 8 .7 0 0  
2 8 ,1 0 0
-  .1 3 7  -
T I M E  I N  M IN U T E S  
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TABLE VI * 7
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE 
TRIACETATE (0 * 8  g . / d l . )  IN CHLOROFORM CONTAINING 
2*116 M* ACETIC ANHYDRIDE AT 2 5 °0
( i )  P e r c h l o r i c  a c i d  = 0*925 x  10 M* S o lv e n t  f lo w  tim e
« 8 8 * 7 0  s e c s*
Time 
m in u te s )
F lo w -tim e  
( s e c s ) u l a  \ e l SuM Mn
0 3 1 1 .4 2 3*5109 1*2558 1*8992 8 1 ,0 0 0
15 240*19 2*7079 0*9962 1 *4320 6 1 ,1 0 0
25 227*34 2*5630 0*9412 1*3397 5 7 , 2 0 0
35 216*33 2*4389 0*8915 1 * 2 5 8 0 5 3 ,7 0 0
45 207*17 2*3356 0 .8 4 8 3 1 *1883 5 0 ,7 0 0
55 199*23 2*2461 0 * 8 0 9 2 1 *1262 4 8 ,0 0 0
65 190*83 2*1514 0 * 7 6 6 1 1*0587 4 5 ,2 0 0
75 184*71 2*0824 0*7335 1*0084 4 3 ,0 0 0
85 179*13 2 0 * 1 9 5 0 * 7 0 2 8 0*9616 4 1 ,0 0 0
95 1 7 4 ,2 9 1 *9649 0*6754 0 * 9 2 0 2 3 9 ,3 0 0
105 1 7 0 * 2 1 1*9189 0*6517 0*8847 3 7 ,7 0 0
115 166*55 1*8777 0 * 6 3 0 0 0*8525 3 6 ,4 0 0
125 162*78 1*8352 0 . 6 0 7 2 0*8188 3 4 ,9 0 0
135 159*41 1*7972 0 * 5 8 6 2 0 * 7 8 8 1 3 3 ,6 0 0
145 1 5 6 * 8 2 1 * 7 6 8 0 0 .5 6 9 8 0*7643 3 2 , 6 0 0
155 153*91 1 -7 3 5 2 0 .5 5 1 1 0*7372 3 1 , 5 0 0
185 1 4 7 * 3 8 1*6616 0 .5 0 7 8 0*6751 2 8 ,8 0 0
245 138*47 1*5611 0*4454 0*5871 2 5 , 0 0 0
i i )  P e r c h l o r i c  a c i d  = 1*708 x 1 0 -5  m
0 311*42 3*5109 1*2558 1*8991 8 1 ,0 0 0
10 222*36 2 .5 0 6 9 0*9190 1*3031 5 5 ,6 0 0
20 2 0 7 -9 3 2*3442 0 .8 5 1 9 1 *1940 5 0 ,9 0 0
30 196*72 2 .2 1 7 8 0*7965 1*1062 4 7 ,2 0 0
40 188*72 2*1276 0*7549 1*0415 4 4 ,4 0 0
50 179*93 2*0285 0 .7 0 7 3 0*9684 4 1 ,3 0 0
60 173*43 1*9552 0*6704 0*9128 3 8 ,9 0 0
70 167*68 1 .3 9 0 4 0*636r7 0*8+25 3 6 ,8 0 0
80 162*98 1*8374 0 .6 0 8 3 0 * 8+06 3 5 ,0 0 0
90 158*83 1*7906 0*5825 0*7828 3 3 ,4 0 0
100 154*76 1*7417 0*5565 0*7451 3 1 ,8 0 0
110 1 5 1 .1 8 1*7044 0 .5 3 3 2 0*7114 3 0 ,3 0 0
120 148*38 1*6728 0 .5 1 4 5 0 .6 8 4 7 2 9 , 2 0 0
130 145*73 1*6429 0*4964 0*6590 2 8 ,1 0 0
140 143*20 1 .6 1 4 4 0*4789 0*6343 2 7 , 1 0 0
1 5 0 1 4 0 .9 0 1 .5 8 8 5 0 .4 6 2 7 0*6117 2 6 ,1 0 0
160 138*75 1*5643 0 .4 4 7 4 0*5899 2 5 , 2 0 0
170 136*84 1 .5 4 2 7 0*4335 0 .5 7 0 5 2 4 ,3 0 0
180 134*97 1*5216 0*4197 0*5515 2 3 ,5 0 0
190 1 3 3 -3 8 1 -5 0 3 7 0*4079 0*5350 2 2 ,8 0 0
210 1 3 0 .6 2 1*4726 0*3870 0*5062 2 1 ,6 0 0
240 126*85 1*4301 0*35774 0*4661 1 9 ,9 0 0
-  1 3 9  ~
TABLE VI-7 continued
( i i i )  Perchloric acid = 2-763 x 10"*^  M
Time 
(minutes)
Plow-time 
(secs) 1rei ln ^rel Cfr) Mn
0 3 1 1 -42 3 .5 1 0 9 1 -2 5 5 8 1 -8992 8 1 ,0 0 0
10 211  -1 5 2 -3 8 0 5 0 -8 6 7 3 1 -2 1 8 8 5 2 , 0 0 0
20 1 9 3 .7 4 2 -1 8 4 2 0 - 7 8 1 2 1 -0823 4 6 ,2 0 0
30 1 7 9 -2 7 2 - 0 2 1 1 0 .7 0 3 6 0 - 9 6 2 8 41 ,100
40 1 7 1 . 2 7 1 .9 3 0 9 0 - 6 5 8 0 0-8941 3 8 , 1 0 0
50 1 6 3 .7 2 1 -8 4 5 8 0 - 6 1 2 9 0 - 8 2 7 2 3 5 ,3 0 0
60 1 5 7 .6 7 1 -7 7 7 6 0 -5 7 5 3 0 - 7 7 2 2 3 2 ,9 0 0
70 152-31 1 .7 1 7 1 0 -5 4 0 6 0 - 7 2 2 1 3 0 , 8 0 0
9 0 1 4 8 .2 6 1 .6 7 1 5 O-5 1 37 0 -6 8 3 5 2 9 , 2 0 0
90 1 4 5 -7 8 1 -6 4 3 5 0 -4 9 6 8 0 -6 5 9 5 2 8 ,1 0 0
2 7 ,3 0 01 0 0 1 4 3 .7 6 1 -6 2 0 7 0 -4 8 2 9 0 -6 3 9 8
1 1 0 1 4 0 -2 6 1 -5813 0 -4 5 8 2 0-6051 2 5 , 8 0 0
1 2 0 1 3 6 -9 6 1-5441 0 -4 3 4 4 0 -5 7 1 8 2 4 .4 0 0
2 3 .4 0 01 3 0 1 34-71 1 -5 1 8 7 0 -4179 0 -5 4 8 8
140 1 3 2 -8 2 1 -4 9 6 4 0 -4 0 3 ? 0 -5 2 9 2 2 2 ,6 0 0  
2 1 , 9 0 01 5 0 131 -21 1 - 4 7 9 3 0 -3 9 1 6 0 -5 1 2 5
180 1 2 6 - 7 8 1 -4 2 9 3 0 -3 5 7 2 0 -4 6 5 4 1 9 ,9 0 0
240 1 2 3 . 2 1 1 - 3891 0 -3 2 8 7 0 -4 1 0 9 1 7 ,5 0 0
( iv ) Perchloric acid = 3 .6 8 1  x 1 0 ~ 5  M
0 3 1 1 .4 2 3 .5 1 0 9 1 .2 5 5 9 1 -8 9 9 2 8 1 ,0 0 0
10 1 9 7 .6 7 2 -2 2 8 5 0 - 8 0 1 3 1 -1137 4 7 ,5 0 0
2 0 1 7 8 -6 3 2 -0 1 3 9 0 - 7 0 0 1 0 .9 5 7 5 4 0 ,8 0 0
30 1 6 5 . 1 8 1 -8 6 2 2 0 -6 2 1 8 0 -8 4 0 3 3 5 ,8 0 0
40 1 5 6 -7 5 1 -7 6 7 2 0 -5 6 9 4 0 -7 6 3 7 3 2 , 6 0 0
50 1 4 8 -3 5 1 o6725 0 -5 1 4 3 0 -6844 2 9 , 2 0 0
60 1 4 2 .7 1 1 -6 0 8 9 0 -4 7 5 5 0 -6 2 9 4 2 6 , 9 0 0
70 1 3 7 .2 7 1 -5 4 7 6 0 -4 3 6 7 0 -5 7 5 0 2 4 ,5 0 0
80 1 3 3 .1 6 1 -5 0 1 2 0 -4 0 6 3 0 -5 3 2 8 2 2 , 7 0 0  
2 1 , 7 0 090 1 3 0 .8 7 1 .4 7 5 4 0 -3 8 8 9 0 - 5 0 8 8
1 0 0 1 2 8 .8 5 1 -4526 0 -3 7 3 4 0 -4 8 7 5 2 0 ,8 0 0
1 1 0 1 2 5 .1 7 1 -4 1 1 2 0 .3 4 4 4 0 -4 4 8 0 1 9 , 1 0 0
1 2 0 1 2 1 -8 9 1 -3 7 4 2 0-3179 0 -4 1 2 2 1 7 , 6 0 0
130 1 1 9 .6 7 1 3492 0 -2 9 9 5 0 .3 8 7 4 1 6 , 5 0 0
140 1 1 7 .7 7 1 -3 2 7 7 0 -2 8 3 4 0  - 3659 1 5 , 6 0 0
150 1 1 6 -0 5 1 -3 0 8 3 0 -2 6 8 7 0 -3 4 6 3 1 4 ,8 0 0
180 1 1 1 .7 3 1 -2 5 9 6 0 - 2 3 0 8 0 -2 )6 1 1 2 ,6 0 0
240 1 0 7 .1 3 1 - 2 0 7 8 0-1 8 8 5 0 -2 4 1 0 1 0 , 3 0 0
EFFECT OF PERCHLORIC ACID ON DEGRADATION CF CELLULOSE TRIACETATE (O.Sg.dl) 
IN CHLOROFORM CONTAINING 2-116 M. ACETIC ANHYDRIDE AT 25°C
“3ft 0.925 x 10 m0 PERCHLORIC ACID ! 
1.708 x 10_3Mo
ft 2-763 x 10“3Mo "  - !
"3 !f t  3.681 x 10 '' s'
60 80 TOO
TIME IN MINUTES
FIG. VI. 7
TABLE V I-8
EFFECT OE CONCENTRATION '03? CELLULOSE TRIACETATE ON ITS 
DEGRADATION IN CEL PROF OREMQ ONTA. INING 2 -1 1 6  M. ACETIC 
ANHYDRIDE AND 2 -3 7 6  x  I oW m . PERCHLORIC ACID AT 25°C
( i )  C e l lu lo s e  t r i a c e t a t e  = 0 -3 2 0 0  g - / d l -  
S o lv e n t  f lo w  t im e  = 8 8 -7 0  s e c s
Time 
( m in u te s )
F lo w - tim e  
( s e c s ) f
t
0 H l n  L e i P W m
0 '1 5 6 -2 9 1 - 7 6 2 0 0 -5 6 6 4 1 -8 9 8 3 8 1 ,0 0 0
15 1 3 0 .1 5 1 .4 6 7 3 0 -3 8 3 2 1 -2527 5 3 ,4 0 0
25 127-41 1 -4 3 6 4 0 - 3 6 1 8 1 -1 7 9 6 5 0 , 3 0 0
35 124-69 1 -4 3 6 4 0 -3 4 0 6 1 . 1 0 7 1 4 7 ,2 0 0
45 1 2 1 - 7 1 1-3721 0 -3 1 6 3 1 . 0 2 5 0 4 3 ,7 0 0
55 1 1 9 . 8 2 1 - 3508 0 -3 0 0 9 0 -9 7 3 0 4 1 , 5 0 0
65 1 1 7 .2 8 1 - 3 2 2 2 0 .2 7 9 1 0 -9 0 0 4 3 8 ,4 0 0
75 1 5 f t  2 1 -2 9 7 8 0 .2 6 0 6 0 - 8 3 8 8 3 5 ,8 0 0
85 1 1 3  0 64 1 -2 8 1 2 0-2 4 7 9 0 -7 9 6 5 3 4 ,0 0 0
95 11 3 .0 9 1 -2 7 5 0 0 .2 4 3 0 0 -7 8 0 3 3 3 ,3 0 0
95 1 \ 2 . - '2 1 -2 6 4 0 0 ,2 3 4 3 0 .7 5 1 6 3 2 , 1 0 0
1 1 1 -6 5 1 .2 5 8 7 0 . 2 2 9 5 0 .7 3 6 4 3 1 ,4 0 0
113 ; 1 0 -2 4 1 -2 4 2 8 0 -2 1 7 5 0 -6 9 6 3 2 9 , 7 0 0
135 1 0 9 .2 9 1 - 2 3 2 1 0 -2 0 8 6 0 -6 6 7 3 2 8 , 5 0 0
155 1 0 7 . 1 2 1 .2 0 7 7 0 -1 8 8 3 0 -6 0 1 2 2 5 , 6 0 0
1 8 5 1 0 5 .2 7 1 -1 8 6 8 0 - 1 7 2 6 0 -5487 2 3 ,400
245 1 0 3 -4 8 1 - 1 6 6 6 0 -1 5 4 0 0 -4 8 9 5 2 0 , 9 0 0
( i i )  C e l lu lo s e  t r i a c e t a t e  = 0 -4 8 0 0  g - / d l - 
0 1 9 9  c44  2 -2 4 8 5  0-8":06 1 .8 7 9 7 8 '"! , 0 0 0
10 1 5 7 .8 7 '■'-7798 0-5 7 6 5 1 -2 8 9 9 5 5 , 0 0 0
20 1 5 1 . 8 6 1 - 7 1 2 1 0 -5 5 7 7 1 -1 9 6 5 5 1 , 0 0 0
30 1 4 6 -7 6 1 -6 5 4 6 0 -5 0 3 5 1 - 1 151 4 7 ,6 0 0
40 1 4 2 -6 0 1 -6 0 7 7 0 -4 7 4 8 1 -0 4 7 3 4 4 ,7 0 0
50 1 3 8 -7 7 1 -5 6 4 5 0 -4 4 7 5 0 .9 8 3 6 4 2 .0 0 0
3 9 . 0 0 060 1 3 5 .3 9 1 -5 2 6 4 0-4 2 2 9 0 -9 2 6 3
70 1 3 3 . 2 2 1 -5019 0 .4 0 6 7 0 -8 8 8 9 3 7 ,9 0 0
80 1 3 0 -4 2 1 -4703 0 -3 8 5 4 0 -8 4 0 2 3 5 ,8 0 0
90 1 2 8 - 3 2 1 -4 4 6 7 0 - 369 2 0 -8 0 3 2 3 4 ,3 0 0
100 126-41 1-4251 0 .3 5 4 2 0 -7 6 9 0 3 2 ,8 0 0
110 1 2 4 -2 7 1 -4 0 1 0 0-3371 0 -7 3 0 4 3 1 , 1 0 0
120 1 2 2 -8 5 1 - 3850 0-3 2 5 7 0 -7 0 4 5 3 0 ,6 0 0
130 1 2 1 „12 1 .3 6 5 5 0 .3 1  »5 0 -6 7 2 6 2 8 ,7 0 0
140 1 2 0 -0 7 1 .3 5 3 7 0 -3 0 2 8 0 -6 5 3 2 2 7 ,9 0 0
150 1 1 8 .9 6 1 .4 3 1 1 0 -2 9 3 4 0 -6 3 2 3 2 7 . 0 0 0
160 1 1 7 .8 2 1 -3 2 8 3 0 -2 8 3 8 0 -6 1 0 9 2 6 ^000 
2 5 ,2 0 0170 1 :6 -7 2 "£3159 0 -2 7 4 5 0 -5 9 0 0
180 1 1 5 .8 9 1 -3 0 6 5 0 -2 6 7 3 0-5741 2 4 ,5 0 0
190 1 1 4 -9 7 1 -2 9 6 2 0 -2 5 9 4 0 .5 5 6 5 2 3 ,7 0 0
200 1 .4 -3 2 1 -2 8 8 8 0 .2 5 3 7 0 .5 4 3 9 2 3 ,2 0 0
210 1 1 3 -6 7 1 -2 8 1 5 0 -2 4 8 0 0 -5 3 1 3 2 2 ,7 0 0
220 1 1 3 .1 9 1-2761 0 -2 4 3 8 0 - 5 2 2 0 2 2 , 3 0 0
-  1 4 2  -
TABLE V I . 8  c o n t i n u e d
( i i i )  C e l lu lo s e  t r i a c e t a t e  = 0 .6 4 0 0  g . / d l .
- Time 
( m in u te s )
F lo w - tim e
( s e c s ) \ e l l n  I r e l ( V I
Mn
0 2 5 2 .6 9 2 .8 4 8 8 1 .0 4 6 9 1 .8 9 8 8 8 1 ,0 0 0
15 1 8 4 .2 7 2 .0 7 7 5 0 .7 3 1 1 1 .2 5 6 0 5 3 ,6 0 0
25 1 7 6 .1 9 1 .9 8 6 4 0 0 6862 1 .1 7 0 6 4 9 ,9 0 0
35 1 7 0 .2 7 1 .9 1 9 6 0 .6 5 1 ? 1 .'.0 6 2 4 7 ,2 0 0
45 1 6 3 .2 7 1 .8 4 0 7 0 .6 0 9 0 1 .0 2 8 7 4 3 ,9 0 0
55 1 5 7 .8 4 1 .7 7 9 5 0 .5 7 6 3 0 .9 6 7 1 4 1 ,3 0 0
65 1 5 3 .8 2 1 .7 3 4 2 0 .5 5 0 5 0 .9 2 0 4 3 9 ,3 0 0
1 5 0 .9 7 1 . 7 0 2 0 0 .5 3 1 7 0 .8 8 6 7 3 7 ,8 0 0
75 1 4 7 .4 2 1 .6 6 2 0 0 .5 0 8 0 0 .8 4 4 2 3 6 ,0 0 0
95 1 4 4 .2 7 1 .6 2 6 5 0 .4 8 6 2 0 .8 0 5 7 3 4 ,4 0 0
1 0 5 1 4 2 .0 1 1 .6 0 1 0 0 .4 7 0 6 0 .7 7 8 1 3 3 ,2 0 0
115 1 3 9 .7 6 1 .5 7 5 6 0 .4 5 4 3 0 .7 4 9 6 3 2 ,0 0 0
135 1 3 4 .7 1 1 .5 1 5 7 0 .4 1 7 3 0 .6 8 5 3 2 9 ,2 0 0
155 1 2 9 .9 7 1 .4 6 5 3 0 .3 8 1 9 0 .6 2 4 1 2 6 ,6 0 0
185 1 2 4 .7 8 1 .4 0 6 7 0„3406 0 .5 5 4 0 2 3 ,6 0 0
245 1 2 0 .1 8 1 * 3549 0 .3 0 3 8 0 0 9 1 4 2 0 ,9 0 0
( i v )  C e l lu lo s e  t r i a c e t a t e  = 0 , 8000 g . / d l .
0 3 1 1 .4 2 3 .5 1 0 9 1 .2 5 5 8 1 .8 9 9 1 8 1 ,0 0 0
10 2 2 2 .3 6 2 .5 0 6 9 0 .9 1 9 0 1 .3 0 3 1 5 5 ,6 0 0
20 2 0 7 .9 3 2 .3 4 4 2 0 .8 5 1 9 1 .1 9 4 0 5 0 ,9 0 0
30 1 9 6 .7 2 2 .2 1 7 8 0 .7 9 6 5 1 .1 0 6 2 4 7 ,2 0 0
40 1 8 8 .7 2 2 .1 2 7 6 0 .7 5 4 9 1 .0 4 1 5 4 4 ,4 0 0
50 1 7 9 -9 3 2 .0 2 8 5 0 .7 0 7 3 0 .9 6 8 3 4 1 ,3 0 0
60 1 7 3 .4 3 1 .9 5 5 2 0 .6 7 0 4 0 0 1 2 8 3 8 ,9 0 0
70 1 6 7 .6 8 1 .8 9 0 4 0 .6 3 6 7 0 .8 6 2 5 3 6 ,8 0 0
80 1 6 2 .9 8 1 .8 3 7 4 0 .6 0 8 3 0 .8 2 0 6 3 5 ,0 0 0
91 " 5 8 .8 3 1 .7 8 0 6 0 .5 8 2 5 0 .7 8 2 8 3 3 ,4 0 0
100 1 5 4 .7 6 1 .7 4 4 7 0 .5 5 6 5 0 .7 4 5 1 3 1 ,8 0 0
1- 0 5 1 .1 8 1 .7 0 4 4 0 .5 3 3 2 0 . 7 0 4 3 0 ,3 0 0
"20 " 4 8 .3 8 1 .6 7 2 8 0 .5 1 4 5 0 .6 8 4 7 2 9 , 2 0 0
130 1 4 5 .7 3 1 .6 4 2 9 0 .4 9 6 4 0 .6 5 9 0 2 8 ,1 0 0
140 1 4 3 .2 0 1 .6 1 4 4 0 .4 7 8 9 0 .6 3 4 3 2 7 , 1 0 0
150 1 4 0 .9 0 1 .5 8 8 5 0 .4 6 2 7 0 .6 1 1 7 2 6 ,1 0 0
160 1 3 8 .7 5 1 .5 6 4 3 0 0 4 7 4 0 .5 8 9 9 2 5 , 2 0 0
1 7 0 1 3 6 .8 4 1 .5 4 2 7 0 0 3 3 5 0 .5 7 0 5 2 4 ,3 0 0
180 1 3 4 .9 7 1 .5 2 1 6 0 0 1 9 7 0.55'"* 5 2 3 ,5 0 0
i90 1 3 3 .3 8 1 .5 0 3 7 0 .4 0 7 9 0 .5 3 5 0 2 2 ,8 0 0
2 i0 1 3 0 .6 2 1 .4 7 2 6 0 .3 8 7 0 0 .5 0 6 2 2 1 ,6 0 0
240 •s26.85 1 .4 3 0 1 0 .3 5 7 7 0 0 6 6 1 1 9 ,9 0 0
EFFECT OF CONCENTRATION OF CELLULOSE TRIACETATE ON ITS DEGRADATION IN 
CHLOROFORM CONTAINING 2.116 M. ACETIC ANHYDRIDE AND 2,376 X 103 M.
PERCHLORIC ACID AT 25 C
O/
P
/A
m
0.3200 g . /d l .  
0,4800 g . /d l .
0.6400 g./dl%,
0,8000 g . /d l .
<5>
BK - 
P#
0
> 4  ©
. ©rid
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. FIGo VIo 8
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TABLE V I-9
EFFECT OP TEMPERATURE ON DEGRADATION OF CELLULOSE 
TRIACETATE ( 0 .8  g . / d l . )  IN  CHLOROFORM CONTAINING
2 .1 1 6  M- ACETIC AUHXDRIDE AND 1 -7 0  x  10 ^ M. PERCHLORIC ACID
( i )  T e m p e ra tu re  = 15°C - S o lv e n t f lo w  t im e = 9 9 -1 0  s e c s -
Time F lo w - tim e 1
l n  I r e l (7 J Mn( m in u te s ) ( s e e s ) l e i
0 4 0 7 .5 0 4 .1 1 2 0 1-4139 2 -1 1 6 8 1 ,0 0 0
10 2 8 6 .6 0 2 .8 9 2 0 1 .0 6 1 9 1 -4 9 5 8 5 7 ,6 0 0
20 2 7 8 .5 0 2 .8 0 8 3 1 -0 3 2 5 1-4481 5 5 ,7 0 0
30 2 7 0 .5 8 2 .7 3 0 4 1 -0 0 4 4 1 -4 0 3 0 5 4 ,1 0 0
40 2 6 3 .0 1 2 .6 5 4 0 0 -9 7 6 0 1 »3577 5 2 ,3 0 0
50 2 5 6 .8 8 2 .5 9 2 1 0 -9 5 2 4 1 - 3204 5 0 ,8 0 0  
49 ,30060 2 5 0 .6 7 2 .5 2 9 5 0 -9 2 8 0 1 -2 8 2 0
70 2 4 5 .3 1 2 .4 7 5 4 0 -9 0 6 4 1 -2 4 8 4 4 8 ,1 0 0
80 2 4 0 .1 3 2 . 4 2 3 1 0 -8 8 5 0 1 -2 1 5 5 4 6 ,8 0 0
90 2 3 5 .5 9 2 .3 7 5 3 0-8651 1 -1 8 4 9 4 5 ,6 0 0
100 2 3 0 .7 2 2 .3 2 8 2 0-8451 1 -1 5 4 4 4 4 ,4 0 0
110 2 2 6 .5 5 2 .2 8 6 1 0 -8 2 6 8 1 -1 2 6 8 4 3 ,4 0 0
120 2 2 2 . 7 1 2 .2 4 7 3 0 -8 0 9 7 1 * 1 0 0 9 4 2 ,4 0 0
130 2 1 8 .7 8 2 . 2 0 7 7 0-7919 1 -0 7 4 3 4 1 ,4 0 0
140 2 1 5 .5 1 2 .1 7 4 7 0 -7 7 6 8 1 -0 5 1 8 4 0 ,5 0 0
150 2 1 2 . 3 2 2 .1 4 2 5 0 -7 6 1 9 1 .0 2 9 7 3 9 ,6 0 0
160 2 0 9 .1 3 2 . 1 1 0 3 0 -7 4 6 8 1 -0073 3 8 ,8 0 0
1 7 0 2 0 6 .3 2 2 .0 8 1 9 0 -7 3 3 2 0 -9 8 7 4 3 8 ,0 0 0
180 2 0 3 .4 2 2 .0 5 2 7 0-7191 0 -9 6 6 7 3 7 ,2 0 0
190 2 0 0 .6 9 2 . 0 2 5 1 0 - 7 0 5 6 0 -9 5 6 8 3 6 ,4 0 0
200 1 9 8 .1 4 1 .9 9 9 4 0 -6 9 2 8 0 -9 3 3 5 3 5 ,9 0 0
210 1 9 5 .7 2 1 .9 7 4 9 0 -6 8 0 5 0 -9 1 0 4 3 5 ,0 0 0
220 1 9 3 .5 9 1 .9 5 3 5 0 -6 6 9 6 0 .8 9 4 6 3 4 ,4 0 0
230 1 9 1 .4 5 1 .9 3 1 9 0 -6 5 8 5 0 -8 7 8 6 3 3 ,8 0 0
240 1 8 9 .4 2 1 .9 1 1 4 0 -6 4 7 8 0 -8 6 3 2 3 3 ,2 0 0
( i i )  T e m p e ra tu re  = 20  C. S o lv e n t f lo w  t im e = 9 5 -0 0 s e c s -
0 3 5 7 -9 7 3-7681 1 .3 2 6 5 2 -0 1 1 0
10 249-31 2 -6 2 4 3 0 -9 6 4 8 1 -3 6 7 4
20 2 38-21 2 .5 0 7 5 0 -9 1 9 2 1-2931
"30 2 2 8 -6 6 2.'>-069 0 -8 7 8 * 1 -2 2 7 3
40 2 2 0 .3 7 2 -3 1 9 7 0*8414 1 -1 6 8 8
50 2 1 3 - 1 1 2 .2 4 3 3 0-8 0 7 9 1 -1 1 6 5
60 2 0 6 -5 9 2 -1 7 4 6 0 -7 7 6 8 1 .0 6 8 4
70 2 0 0 -7 6 2 - 1 1 3 3 0 -7 4 8 2 1 -0 2 4 7
80 1 9 5 -7 0 2 .0 6 0 0 0 - 7 2 2 7 0 -9 8 5 9
90 1 9 0 -9 5 2 -0 1 0 0 0-6981 0 .9 4 9 0
100 1 8 6 -6 0 1 -9 6 4 2 0 .6 7 5 0 0 -9 1 4 6
110 1 8 2 -7 4 1 -9 2 3 6 0 -6 5 4 2 0 .8 8 3 7120 1 7 9 - 2 2 1 .8 8 6 5 0 0 6 3 4 7 0 .8 5 5 0
130 1 7 5 -9 0 1-8561 0 -6 1 6 0 0 -8 2 7 8
140 1 7 2 -9 6 1 -8 2 0 6 0-5991 0 -8 0 3 2
150 1 7 0 - 1 2 1 -7 9 0 7 0 .5 8 2 6 0 -7 7 9 2
160 1 6 7 ,5 1 1 -7 6 3 3 0-5671 0 -7 5 7 0
8 1 ,0 0 0
5 5 .3 0 0
5 2 .3 0 0  
4 9 ,7 0 0
4 7 .3 0 0
4 5 .2 0 0
4 3 .2 0 0
4 1 .5 0 0  
3 9 ,9 0 0  
3 8 ,4 0 0  
3 7 ,0 0 0  
3 5 ,8 0 0
3 4 .6 0 0
3 3 .5 0 0
3 2 .5 0 0
3 1 . 5 0 0
3 0 .6 0 0
c o n t i n u e d . .
-  145 -
TABLE V I *9 c o n t i n u e d
Time
(m in u te s )
P lo w - tim e  
( s e c s ) u l n  4 e l Mil
170 1 6 5°20 1 .7 3 8 9 0.55J>2 0 .7 2 7 1 2 9 ,8 0 0
180 1 6 3 .0 4 1 * 7162 0 .5 4 0 1 0*7182 2 9 , 1 0 0
190 160*94 1*6941 0 .5 2 7 1 0*6998 2 8 ,3 0 0
200 "58*98 1 .6 7 3 5 0 .5 1 4 9 0*6824 2 7 ,6 0 0
240 0 5 . 5 2 1 .6 3 7 1 0 .4 9 2 9 0 .6 5 1 4 2 6 ,4 0 0
( i i i )  T e m p e ra tu re  = 25 C* S o lv e n t f lo w  t im e 11 00 CO * -0 0 s e c s  *
0 3 H  0 2 3 .5 1 0 9 1 .2 5 5 8 1 .8991 8 1 ,0 0 0
10 216*33 2*4389 0*8915 1*2580 5 3 ,7 0 0
20 2 0 7 .9 3 2*3442 0*8519 1*1940 5 0 ,9 0 0
30 196*72 2*2178 0*7965 1*1062 4 7 ,2 0 0
40 188*72 2*1276 0*7549 1*0415 4 4 ,4 0 0
50 1 7 9 .9 3 2*0285 0*7073 0*9684 4 1 ,3 0 0
60 1 7 3 0 3 1 .9 5 5 2 0*6704 0*9128 3 8 ,9 0 0
70 1 6 7 .6 8 1*8904 0*6367 0*8625 3 6 ,8 0 0
80 162*98 1 .8 3 7 4 0 .6 0 8 3 0*8206 3 5 ,0 0 0
90 1 5 8 .8 3 ! *7906 0*5825 0*7828 33 0 0 0
100 154*76 "*7447 0*5565 0*7451* 3 1 , 8 0 0
110 1 5 1 .1 8 1 * 7 0 0 0*5332 0*7114 3 0 ,3 0 0
120 148*38 1*6728 0*5145 0*6847 2 9 ,2 0 0
130 0 5 . 7 3 1 .6429 0*4964 0*6590 2 8 ,1 0 0
140 1 4 3 .2 0 1 * 6 1 0 0*4789 0 0 6 3 4 3 2 7 , 1 0 0
150 140*90 1*5885 0*4627 0*6117 2 6 ," 0 0
160 1 3 8 .7 5 1*5643 0 * 0 7 4 0*5899 2 5 , 2 0 0
170 136»84 -1.5427 0*4335 0*5705 2 4 ,3 0 0
180 134*97 1*5216 0*4197 0*5515 2 3 ,5 0 0
190 1 3 3 .3 8 1*5037 0*4079 0*5350 2 2 ,8 0 0
210 "30*62 1 0 7 2 6 0*3870 0*5062 2 1 ,6 0 0
240 126*85 1 *4301 0 .3 5 7 7 0*4661 1 9 ,9 0 0
( i v )  T e m p e ra tu re  = 30°C* S o lv e n t flo w  t im e = 8 5 .6 0  s e c s
0 289*84 3 .3 8 6 0 1*2197 1 * 8 0 0 8 1 ,0 0 0
10 ■198*12 2*3144 0*8391 1*1791 5 1 ,8 0 0
20 180*59 2*1097 0*7466 1*0327 4 5 ,4 0 0
30 168*18 1 .9 6 4 7 0*6753 0*9234 4 0 ,6 0 0
40 1 5 9  *95 1 .8 6 8 6 0*6251 0*8481 3 7 ,3 0 0
50 1 5 1 .5 3 1 * 7 7 0 2 0*5710 0*7684 3 3 ,8 0 0
60 1 4 5 .7 7 1*7029 0*5323 0 * 7 1 2 1 3 1 ,3 0 0
70 140*74 1 . 6 0 2 0*4972 0*6618 2 9 , 1 0 0
80 136*73 1 .5 9 7 3 0 0 6 8 3 0*6207 2 7 ,3 0 0
90 1 3 3 -8 4 1 *5636 0  * 44  59 0*1907 2 6 ,0 0 0
100 1 3 1 .1 5 1 .5 3 2 1 0*4266 0*5621 2 4 ,7 0 0
110 128*47 1*5008 0*4060 0*5335 ^ 3 ,4 0 0
120 1 2 4 .8 2 1*4582 0*3772 0*4937 2 1 , 7 0 0
130 122*62 1 *4325 0 .3 5 9 4 0*4693 2 0 ,6 0 0
140 120*90 1*4124 0*3452 0 .4 5 0 0 1 9 ,8 0 0
150 1 1 9 .0 6 1 * 3909 0*3299 0*4291 1 8 ,9 0 0
160 1 1 7 .3 4 1*3708 0 .3 1 5 3 0*4094 1 8 ,0 0 0
170 1 1 5 .9 0 1*3540 0*3030 0*3928 1 7 ,3 0 0
180 1l4,o66 1 .3 3 9 5 0*2923 0*3783 1 6 ,6 0 0
190 1 1 3 ,4 2 1*3250 0*2814 0*3637 1 6 ,0 0 0
200 112*21 1*3109 0 * 2 7 0 7 0*3+94 1 5 0 0 0
240 109*24 1*2762 0*2438 0*3137 1 3 ,8 0 0
~  1 4 6  -
i|
EFFECT OF TEMPERATURE ON DEGRADATION OF CELLULOSE TRIACETATE (Oft g0/d l„ )  
IN CHLOROFORM CONTAINING 2+M6 ACETIC ANHYDRIDE AND 1 o70£>X 103 M.
PERCHLORIC ACID
15 C
P  “ 20 C
25 C
80 100" 
TIME IN MINUTES
FIG- VI.  9
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TABLE V I-10
EFFECT OF TEMPERATURE ON DEGRADATION OF CELLULOSE 
TRIACETATE ( 0 - 8  g . / d l . )  IN  CHLOROFORM CONTAINING 
3 .1 7 4  M„ ACETIC ANHYDRIDE AND 1 .7 0 0  zk 10"^  M- PEROHLORIO ACID
( i )  T e m p e ra tu re  = 15°C - S o lv e n t  f lo w  tim e  = 110-20  s e c s -
Time
(m in u te s )
F lo w - tim e
( s e c s ) 1 . 1 l n  L e i r v j
Mn
0 4 7 1 066 4 -2 8 0 0 - -4 5 4 0 2 - " 5 8 6 8'- , 0 0 0
15 3 4 5 -5 7 3 .1 3 5 8 1 -1429 1 -6 1 4 2 60 ,6 0 0
25 3 3 6 .7 3 .0 5 5 4 1 .1 1 6 9 1 .5 7 ^ 5 59 0 0 0
55 3 2 7 .8 2 -9 7 4 6 1-0901 1 .5 2 7 9 57 3 0 0
45 3 2 0 - 8 2 . 9 m "'-0685 1-4931 56 000
55 3 1 3 .9 2 -8 4 8 5 1 .0 4 6 8 1 -4 5 8 3 54 7 0 0
65 3 0 7 .4 2 .7 8 9 5 1 -0259 1-4251 53 5 0 0
75 3 0 1 .5 2 -7 3 5 9 1 -0065 1 - 3945 52 3 0 0
85 2 9 5 .6 2 -6 8 2 4 0 -9 8 6 7 1 -3 6 3 4 51 200
95 2 9 0 -4 2 -6 3 5 2 0-9 6 8 9 1 -3 3 5 8 50 100
105 2 8 5 .8 2 -5 9 3 5 0 -9 5 3 0 1 .3 1 1 0 49 200
115 2 8 1 -5 2 -5 5 4 4 0 -9 3 7 8 1 -2 8 7 5 48 300
125 276-1 2 -5 0 5 4 0 -9 1 8 4 1 -2 5 7 8 47 200
135 2 7 1 - 6 2 -4 6 4 6 0 -9 0 2 0 1 - 2 3 2 7 46 300
145 2 6 7 .9 2 -4 3 1 0 0 -8 8 8 3 1 -2 1 1 8 45 5 0 0
155 2 6 3 .6 2 -3 9 2 0 0-7821 1 -1873 44 600
165 2 6 0 -3 2 -3631 0 .8 5 9 5 1 -1 6 8 4 43 800
175 2 5 7 .0 2 -3321 0 -8 4 6 7 -1492 43 100
185 2 5 3 .8 2 -3031 0 -8 3 4 2 1 .1 3 0 5 42 400
195 2 5 0 -7 2 .2 7 5 0 0 -8 2 1 9 1 -1122 41 7 0 0
205 247 .5" ' 2 -2 4 6 0 0-8091 1 -0 9 3 2 41 000
2 1 5 2 4 4 -6 2 2 -2 1 9 8 0 -7 9 7 4 1 -0 7 5 7 40 400
225 2 4 1 -8 2 2 -1 9 4 4 0 .7 8 5 9 1 -0 5 8 7 39 7 0 0
235 2 3 9 .2 5 2 . 1 7 1 1 0 -7 7 5 2 1 -0 4 3 o 39 100
235 2 3 6 -8 6 2 -1 4 9 4 0-765"! 1 -0 2 8 3 38 600
( i i )  T e m p e ra tu re  = 2 0 ° C„ S o lv e n t f lo w  t im e = 103 -6 0 s e c s  -
0 4 2 7 -6 6 4 -1 2 7 6 1 -4 1 7 8 2 .1 1 2 4 81 000
15 3 0 4 .5 2 .9 3 8 9 1 -0780 1 -5 1 8 7 58 300
25 2 9 1 -2 2 -8 1 0 5 1 .0 3 3 4 ' 1 -4 6 6 3 55 5 0 0
35 280-1 2 -7 0 3 4 0 -9 9 4 5 1 - 3841 53 1004 5 2 7 1 .7 2 -6 2 2 3 0 -9 6 4 0 1 -3 3 6 0 51 200
55 2 6 3 .4 2 -5 4 2 3 0 -9 3 3 0 1 .2 8 7 5 49 400
65 2 56-1 2 -4 7 1 8 0 -9 0 4 9 1 .2 4 3 9 47 7 0 0
75 2 4 9 .2 0 2 -4 0 5 2 0 -8 7 7 6 1 .2 0 1 9 46 100
85 2 4 3 .1 2 2 .3 4 6 5 0 -8529 1 f t  643 4 4 7 0 0
95 2 3 7 .6 5 2 .2 9 3 6 O.8 3 0 1 1 .1 2 9 8 43 300
105 2 3 2 -8 5 2 -2 4 7 4 0 -8 0 9 7 1 .0 9 9 3 42 200
115 2 2 8 .5 5 2 -2 0 5 9 0-7911 1 -0 7 1 4 41 100
125 2 2 4 -5"! 2 -1 6 6 9 0 -7 7 3 0 1 -0 4 4 9 40 100
135 2 2 0 -8 2 2 . 1 3 1 3 0 -7 5 6 7 1 -0 2 0 4 39 100
145 217 -3 1 2 -0 9 7 4 0 -7 4 0 7 0 -9 9 6 8 38 200
155 2 1 4 -1 8 2 -0 6 7 2 0-7261 0 -9 7 5 6 37 400
165 2 1 1 .2 4 2 -0 3 8 8 0 - 7 1 2 3 0 -9 5 5 4 36 600
175 2 0 8 -5 0 2 .0 1 2 4 0 -6 9 9 3 0 -9 3 6 4 35 900
185 2 0 5 .9 2 1 .9 8 7 5 0 -6 * 6 8 0 -9 1 8 4 35 200
195 2 0 3 . 6 6 1 -9 6 5 6 0 - 6*358 0 -9 0 2 4 34 600
205 201-51 1 -9 4 4 9 0 -6 6 5 2 0-8871 34 000
245 1 9 7 .5 4 1 -9 0 6 6 0 -6 4 5 3 0 -8 5 8 6 32 900
TABLE VI * :0 c o n t in u e d  
( i i i )  T e m p e ra tu re  = 2 5 °0
-  148 -  
* S o lv e n t f lo w  t im e = 9 7 -6 0 s e c s  *
Time
( m in u te s )
P lo w - tim e  
( s e c s ) %" r e l |i
H<D 
]
0
5 
!
H 
|I m
MET
0 3 8 1 * 6 2 3 . 9 1 0 0 1*3635 2 * 0 2 1 0 8 1 ,0 0 0
0 2 5 9 .9 2*6629 0*9794 1 * 3642 5 + ,6 0 0
25 2 4 4 .0 1 2 * 5 0 0 1 0 .9 1 6 3 1*2649 5 0 , 6 0 0
35 231  *52 2 „3721 0*8637 1 * 1 8 3 8 +7 , + 0 0
4 5 221 *40 2*2684 0 * 8 1 9 0 1*1159 4 4 ,7 0 0
55 212*97 2*1820 0 * 7 8 0 2 1*0576 4 2 ,3 0 0
65 2 0 5 . 6 8 2*1074 0*7454 1*0060 4 0 ,3 0 0
75 1 9 9 .2 5 2*0415 0*7136 0*9592 3 8 ,4 0 0
85 1 9 3 .6 5 1*9841 0*6851 0*9177 3 6 , 7 0 0
95 1 8 7 .9 8 1 * 9 2 6 0 0*6554 0*8748 3 5 , 0 0 0
105 1 8 3 .9 7 1 .8 8 4 9 0*6338 0*8438 3 3 ,8 0 0
115 180*09 1*8453 0*6125 0*8134 3 2 , 6 0 0
125 176*42 1 * 8 0 7 6 0*5920 0*7841 31=400
0 5 173*39 1 *77+5 0*57+6 0*7597 3 0 ,4 0 0
1 0 170*30 1 *7449 0*5567 0*7344 2 9 ,4 0 0
155 1 6 7 -4 6 1 . 7 0 8 0*5398 0*7109 2 8 0 0 0
165 164*93 1 *6899 0*5246 0*6897 2 7 , 6 0 0
175 162*80 1*6680 0 * 5 1 1 6 0 * 6 7 1 5 2 6 ,9 0 0
185 160*98 1*6494 0*5004 0*6560 2 6 ,3 0 0
195 0 8 * 8 4 1*6275 0*4870 0*6376 2 5 ,5 0 0
2 1 5 1 5 5 .6 7 1 .5 9 5 0 0*4668 0*6099 2 4 ,4 0 0
245 1 5 1 .2 3 1-5+ 95 0*4379 0 * 5 7 0 2 2 2 ,8 0 0
( i v )  T e m p e ra tu re  = 30°C* S o lv e n t f lo w  t im e = 94*53 s e c s*
0 362*05 3 .8 3 1 2 1 .3 4 3 2 2*0012 8 1 ,0 0 0
0 2 2 7 * 3 1 2*4046 0 .8 7 7 3 1*2109 4 9 ,0 0 0
25 214*91 2*2735 0*8213 1*1246 4 5 0 0 0
35 201*83 2*1351 0*7585 1*0297 4 1 ,7 0 0
45 1 8 9 .6 2 2*0059 0*6960 0*9372 3 7 ,9 0 0
55 1?8*89 1*8924 0 .6 3 7 8 0*8525 3 4 0 0 0
65 1 7 1 * 9 9 1 .8 1 9 4 0 . 5 9 8 5 0*7960 3 2 , 2 0 0
75 166*25 1*7587 0*5645 0*7478 3 0 ,3 0 0
85 161*20 0 7 0 5 3 0 0 3 3 7 0*7043 2 8 0 0 0
95 0 6 * 8 2 1*6589 0 0 0 6 1 0*6658 2 7 , 0 0 0
109 0 3 - 7 + 1 .6 2 6 4 0*4863 0*6383 2 5 ,8 0 0
1 1 5 1 5 0 .6 7 1 .5 9 3 9 0*4661 0*6104 2 4 ,7 0 0
125 1+7.+1 1 0 5 9 4 0*4443r 0*5803 2 3 ,5 0 0
135 'i ).\/V i\ 0 5 2 8 0 0*4239 0*5525 2 2 ,4 0 0
145 1+2*22 1*5045 0*4084 0 * 0 1 4 21 0 0 0
0 5 1+0*32 1*4844 0*3950 0*5130 2 0 ,8 0 0
165 138o+7 "*4 6 4 8 0*3817 0*4951 2 0 ,0 0 0
175 136*76 1*4467 0*3692 0*4784 1 9 ,4 0 0
185 1 3 5 .0 8 1*4290 0*3569 0*4619 1 8 ,7 0 0
195 1 3 3 .+ 8 1*4120 0*3450 0*4+58 1 8 ,0 0 0
245 128*27 1*3569 0*3052 0*3927 1 5 ,9 0 0
305 1 2 3 . 2 0 1*3033 0*2649 0*3395 1 3 ,7 0 0
_  1 4 9  -
EFFECT OF TEMPERATURE ON. DEGRADATION OF CELLULOSE TRIACETATE (0-8 g , /d l . )  
IN CHLOROFORM CONTAINING 3-174 M- ACETIC ANHYDRIDE AND 1-700* 10~3 M„
TABLE V I. VI
COMPARISON OP DEGRADATION BETWEEN SAMPLE AND 3 OP 
CELLULOSE TRIACETATE (0 .4 8 0 0  g . / d l - )  IN IMLOROF'oM 
CONTAINING 2 .1 1 6  M. ACETIC ANHYDRIDE A 3 L T ~ 2 T 3 7 T  x  10“ 3 M . 
. PERCHLORIC ACID A T T ^ C r  ~~
( i )  Sam ple 3
S o lv e n t  P low  Time = 8 8 -7 0  s e c s
~ 1 5 0  ~
Time 
( m in s )
Time
( s e c s ) i T 1X11  V [ n Fin
0 1 9 9 -4 4 2 -2 4 8 5 0 -8 1 0 2 1 -8 7 9 7 8 1 ,0 0 0
10 1 7 4 -6 4 1 -9 6 8 9 0 -6 7 7 4 1 .5 5 8 9 6 5 ,7 0 0
20 1 6 1 -7 8 t-8 2 3 9 0-6 0 0 9 1 .3 4 9 5 5 7 ,6 0 0
30 '■'57.87 1 -7 7 9 8 0 -5 7 6 5 1 -2 8 9 9 5 5 ,0 0 0
40 1 5 1 . 8 6 1 - 7 1 2 1 0 .5 3 7 7 1 -1 9 6 5 5 1 , 0 0 0
50 1 4 6 -7 6 1 -6 5 4 6 0 -5 0 3 5 1 .1 ‘5*! 4 7 ,6 0 0
60 142*60 1 -6 0 7 7 0 -4 7 4 8 1 -0 4 7 3 4 4 ,7 0 0
70 1 .3 8 7 7 •-5645 0 -4 4 7 5 0 -9 8 3 6 4 2 ,0 0 0
80 1 3 5 .3 9 1 -5 2 6 4 0 -4 2 2 9 0 -9 2 6 3 3 9 ,5 0 0
90 1 3 3 .2 2 'U 5 0 '!9 0 -4 0 6 7 0 -8 8 8 9 3 7 ,9 0 0
>00 >30-42 1 -4 7 0 3 0 -3 8 5 4 0 -8 4 0 2 3 5 ,8 0 0
•! 10 '2 8 -3 2 *.4467 0 -3 6 9 2 0 .8 0 3 2 3 4 ,3 0 0
<20, '2 6 -4 ! 1-425 0 -3 5 4 2 0 -7 6 9 0 3 2 ,8 0 0
i 30 >24-27 ‘ -40'fO 0-3371 0 -7 3 0 4 3 , 00
40 122.85 1.3850 0 -3 2 5 7 0 -7 0 4 5 3 0 ,0 0 0
150 i 2 ) . .2 '.3 6 5 5 0 -3  1 15 0 -6 7 2 6 2 8 ,7 0 0
160 *2 0 . 0 7 1 .3 5 3 7 0 -3 0 2 8 0 -6 5 3 2 2 7 ,9 0 0
*70 •‘ '0 -9 6 1-3 4 '11 0 -2 9 3 4 0 .6 3 2 3 2 7 , 0 0 0
180 •i '7 -8 2 1.3 2 8 3 0 .2 8 3 8 0 .6  09 2 6 ,0 0 0
■i90 1 16-72 1 .3 :5 9 0 -2 7 4 5 0 -5 9 0 0 2 5 , 2 0 0
200 1 *5.89 1 - 3065 0 -2 6 7 3 0 -5 7 4  l 2 4 ,5 0 0
2 10 1 -4 -97 i -2962 0 -2 5 9 4 0 -5 5 6 5 2 3 , 7 0 0
220 • 14-32 1 -2888 0 -2 5 3 7 0-5 4 3 9 2 3 , 2 0 0
230 1’3 .6 7 i .2 8 1 5 0 .2 4 8 0 0 -5 3  3 2 2 , 7 0 0
240 1 . 3 . '9 *-276 > 0 -2 4 3 8 0 . 5 2 2 0 2 2 , 3 0 0
( i i )  Sam ple 1 
0  348-25 4 -2 6 4 3 .4502 3 .5 3 2 8 1 5 0 ,1 0 0
5 2 5 9 .2 9 2 -9 2 3 2 i-0 7 2 6 2 -6 0 6 8 111 ,200
25 2 2 8 -3 7 2 -5 7 4 6 0 -9 4 5 6 2 .2 4 5 3 9 5 ,8 0 0
35 2 0 7 .3 9 2 .3 3 8 1 0 -8 4 9 3 1 -9 8 3 2 8 4 ,6 0 0
45 193 .63 2 -1 8 2 9 0 -7 8 0 6 1-8024 7 6 ,9 0 0
55 ' 8" '«v  1 2 -0 4  ;8 0 -7  ’38 • .6 3 0 6 6 9 ,6 0 0
65 >7"'. 57 >-9342 0 -6 5 9 7 i -4945 6 3 ,8 0 0
73 '*64-58 1 -8 5 5 4 0 -6  :8'" 1 .3 9 1 5 5 9 ,4 0 0
85 >58-58 1 -7 8 7 8 0 -5 8 0 9 1*3009 5 5 ,5 0 0
95 '>52-92 1-7240 0 -5 4 4 6 ! . 2  :3  ! 5"? ,8 0 0
'>05 >49-60 1 -6866 0 - 5 2 2 7 1 . ‘>606 4 9 ,5 0 0
• 15 -4 6 -5 6 1 -6523 0 -5 0 2 i 1 - i 1 1 9 4 7 ,4 0 0
125 '4 2 -9 7 1 . 6i'<8 0 .4 7 7 3 -1.0533 4 4 ,9 0 0
'35 1 3 9 .6 7 1-5746 0 -4 5 4 0 0 .9 9 8 6 4 2 ,6 0 0
145 '*36 -5 ' 1 -5 3 9 0 0 .4 3  1 ’ 0 -9 4 5 3 4 0 ,3 0 0
"'55 •1 3 3 .5 5 -t-5056 0 -4 0 9  1 0 .8 9 4 7 3 8 ,2 0 0
5 65 (30-67 i -4732 0 -3 8 7 4 0 -8 4 4 6 3 6 ,0 0 0
3 4 ,2 0 0175 128-17 1 -4449 0 -3 6 8 0 0 .8 0 0 5
>85 •27-52 1.4377 0 -3 6 3 0 0 .7 8 8 9 3 3 ,7 0 0
'95 >26.05 1 . 4 2 il 0 -3 5  14 0 -7 6 2 6 3 2 ,5 0 0
205 !2 4 -6 5 1-4053 0 -3 4 0 2 0 -7 3 7 3 3 1 ,5 0 0
2=5 •2 3 .3 7 ; .3 9 0 9 0 .3 2 9 9 0 .7 1 4 ! 3 0 ,5 0 0
-  1 5 1  -
TIME IN MINUTES 
FIG. VI. 11
-  152 -
t r i a c e t a t e  i n  c h lo r o fo r m  c o n ta in in g  2 -1 1 6  M a c e t i c  
a n h y d r id e :
Time A
( h o u r s ) 6 10 25 50 48
Flow
tim e  5 1 1 .4 2  5 1 1 .7 5  5 1 1 .4 8  5 1 3 .5 7  5 1 3 .4 6  3 1 4 -2 7
( s e c s )
The im p o r ta n c e  o f  u s in g  a l c o h o l  f r e e  c h lo ro fo rm  
r a t h e r  t h a n  A n a la r  q u a l i t y  ( c o n t in i n g  2% a lc o h o l  
a s  s t a b i l i s e r )  f o r  d e g r a d a t io n  s t u d i e s  i s  shown b y  
th e  c o m p a ra t iv e  f lo w  t im e s  f o r  c e l l i l o s e  t r i a c e t a t e  
s o l u t i o n s  u n d e r  th e  sam e d e g r a d a t io n  c o n d i t i o n s :
Time
(m in s ) 10 20 30 40 50 60 70
Flow
tim e  2 7 3 .5  2 7 1 .1  2 6 9 .8  2 6 7 .0  2 6 5 .6  2 6 2 -8  2 6 0 -8
( s e c s )  i n  a l c o h o l  f r e e  c h lo ro fo rm
Flow
tim e  2 1 5 .4  2 0 4 -9  i ? 6 - 0  1 8 7 -8  1 8 1 -5  1 7 5 .5  1 7 0 -6
( s e c s )  i n  A nala 'P  c h lo ro fo rm
D is c u s s io n  o f  R e s u l t s
When th e  c u rv e s  sho w in g  m o le c u la r  w e ig h t a g a i n s t  
t im e  a r e  co m p ared , c e r t a i n  q u a l i t a t i v e  e f f e c t s  a r e  
im m e d ia te ly  a p p a r e n t -  The r e s u l t s  show t h a t  t h e  r a t e  o f 
ch an g e  o f m o le c u la r  w e ig h t  w i th  t im e  ( R a te  o f  d e g r a d a ­
t i o n )  d e c r e a s e s  w i th  i n c r e a s e  i n  a c e t i c  a n h v d r id e  c o n c e n ­
t r a t i o n  i n  t h e  p r e s e n c e  o f  e i t h e r  s u l p h u r i c  o r  p e r c h l o r i c  
a c i d  ( F ig s -  V I -1 , V I -6 )  and  t h i s  e f f e c t  i s  a l s o  o b s e rv e d  
a t  eac h  o f  t h e  t e m p e r a tu r e s  s t u d i e d ,  i n  t h e  r a n g e
1 5 ~3 0 °C , a s  s e e n  b y  c o m p a r iso n  o f t h e  r a t e s  i n  2 -1 1 6  M
*
a n d  3 . 1 7 ^  M a c e t i c  e n h y d r i d e  ( F i g s .  ¥ 1 . 5  a n d  V I „ 9
-  0 3  -
The r a t e  o f  d e g r a d a t io n  o f c e l l u l o s e  t r i a c e t a t e  
i n c r e a s e s  w i th  i n c r e a s i n g  c o n c e n ta t io n  o f s u lp h u r i c  o r  
p e r c h l o r i c  a c id  i n  a l l  c a s e s  ( P ig s .  V I .2 ,  V I* 7 ) , t o  g iv e  
c o r r e s p o n d in g ly  lo w e r  m o le c u la r  w e ig h ts  a f t e r  a  g iv e n  
tim e*  I t  seem s c l e a r  t h a t  b o th  s u lp h u r i c  and  p e r c h l o r i c  
a c i d  a c t  a s  c a t a l y s t s  f o r  t h e  d e g r a d a t io n  p r o c e s s ,  s in c e  
d e g r a d a t io n  i n  t h e i r  a b s e n c e  d o es  n o t  o c c u r  ( a s  d e sc rib e e :, 
e a r l i e r  u n d e r  R e s u l t s )  an d  o n ly  v e r y  s m a l l  c o n c e n t r a t i o n s  
a r e  n e c e s s a ry *  S u lp h u r ic  a c i d  i s  much l e s s  e f f e c t i v e  
th a n  p e r c h l o r i c  a c id  u n d e r  t h e  same c o n d i t i o n s ,  f o r  
exam ple a f t e r  100 m in u te s  a t  2 5 °C th e  same e x t e n t  o f  
d e g r a d a t io n  (Hn f e l l  t o  a p p r o x im a te ly  2 0 ,0 0 0 )  was o b s e rv e d  
f o r  a  c o n c e n t r a t i o n  <f p e r c h l o r i c  a c i d  (3 * 6 8  x  10“ ^ M) 
o n ly  a t e n t h  o f  t h a t  f o r  s u lp h u r i c  a c i d  ( 3 0 0  x  10 M) 
and  t h i s  i s  ev e n  m ore p ro n o u n c e d  when m o le c u la r  w e ig h ts  
a r e  com pared  a f t e r  a  l o n g e r  t im e  ( T a b le o V I .2 ,  V I*7)*
P o r  th e  ra n g e  o f  p o ly m er c o n c e n t r a t i o n s  s t u d i e d  
( 0 * 3 2  -  0*80 g / d l ) ,  i t  i s  a p p a r e n t  t h a t  b o th  th e  r a t e  
and  e x t e n t  o f  d e g r a d a t io n  a t  an y  t im e  a r e  v i r t u a l l y  
i d e n t i c a l  f o r  b o th  a c i d  c a t a l y s t s , no c o n s i s t e n t  t r e n d  
b e in g  o b sav ed  f o r  t h e  d i f f e r e n t  p o ly m e r c o n c e n t r a t i o n s  
a s  shown i n  P ig s*  V I*3 an d  V I*8 The g r e a t e r  e x t e n t  o f  
d e g r a d a t io n  i n  t h e  c a s e  o f  s u lp h u r i c  a c i d  i s  c o n s is t& n t  
w i th  th e  much h i g h e r  r e l a t i v e  c o n c e n t r a t i o n  u s e d  com pared  
t o  p e r c h l o r i c  a c id *
P o r  b o th  c a t a l y s t s  i n  t h e  tw o c o n c e n t r a t i o n s  o f  
a c e t i c  a n h y d r id e  u s e d  (2 * 1 1 6  and  3*174 H ) , t h e  r a t e  o f  
d e g ra d a tio n  i n c r e a s e s  w i th  t e m p e r a tu r e  a s  shown b y  th e  
c u r v e s  i n  P ig s*  V I*4, 5 and V I .9 and 10* S u lp h u r ic  a c i d
-  -154 -
a p p a r e n t l y  g iv e s  a  h i g h e r  r a t e  o f  d e g r a d a t io n  as
com pared  w i th  p e r c h l o r i c  a c i d  b u t  t h i s  i s  r e v e r s e d  a f t e r
a  lo n g e r  t im e ,  ev en  th o u g h  t h e  p e r c h l o r i c  a c i d
c o n c e n t r a t i o n  i s  o n ly  a  t e n t h  o f  t h a t  o f  t h e  s u lp h u r i c
a c i d -  T h is  d e m o n s t r a te s  th e  c o n t in u in g  e f f e c t i v e n e s s
o f  t h e  p e r c h l o r i c  a c id  a s  a  c a t a l y s t  o v e r  a  much lo n g e r
t im e ,  t h e  l e v e l l i n g  o f f  r e g i o n  b e in g  r e a c h e d  s o o n e r  w i th
s u lp h u r ic  a c i d  t h a n  f o r  p e r c h l o r i c  a c id  (F ig s *  V I .2 ,V I„ 7 )o
S in c e  th e  d e g r a d a t io n  t a k e s  p la c e  i n  a n  a n h y d ro u s
s y s te m , t h e  r a t e  o f  d e g r a d a t io n  o f  c e l l u l o s e  t r i a c e t a t e
d e p e n d s  l a r g e l y  on th e  a c t i v i t y  o f t h e  c a t a l y s t  i n  su ch
a  m edium . I t  i s  g e n e r a l l y  a c c e p te d  t h a t  p e r c h l o r i c  and
s u lp h u r i c  a c i d s  show a g r e a t e r  h y d ro g e n  io n  a c t i v i t y
com pared  to  o t h e r  a c id s  when d i s s o l v e d  i n  a c e t i c  a c id  
( g  5 4  5 5  )
5 and  th u s  th e y  h av e  b e e n  term ed ’s u p e r  a c i d s ’ -
I t  f o l lo w s  t h a t  th e  r a t e  o f  d e g r a d a t io n  i s  much, f a s  t e r  
when th e s e  c a t a l y s t s  a r e  u s e d  r a t h e r  th a n  th e  m in e ra l  
a c id s  - T h e re  h av e  b e e n  v a r io u s  t h e o r i e s  p r e s e n t e d  bo e x p la  in  
t h e  c a t a l y t i c  a c t i v i t y  o f  s u lp h u r i c  a c i d  i n  a c e t y l a t i o n  
r e a c t i o n s ,  and  i t  i s  known t o  u n d e rg o  c h e m ic a l  ch an g es  
i n  th e  p r e s e n c e  o f  a c e t i c  a n h y d r id e -  F ra n c h im o n t^  ' ^ ) 
s u g g e s te d  t h a t  s u lp h o a c e t i c  a c id  (HS^GHgCOOH) ds fo rm ed  
when a c e t i c  a n h y d r id e  i s  t r e a t e d  w i th  s u lp h u r i c  a c i d ,  
t h e  a c e t y l  s u lp h u r i c  a c id  (CH^COO.SO^H) b e in g  fo rm ed  a s  an  
i n t e r m e d i a t e  com plex  i n d i c a t e d  b y :
(CH5C 0)2 0 + H^SO^ > CELOOOH + CE^GOOSCUH
H.SoJjH^OOGH
i n  t h e  e a r l y  s t a g e s  o f  d e g r a d a t i o n  ( u n d e r  4 0  m i n u t e s )
S t i l l l c h . ^ ^ ? )  a l s o  o b se rv ed , t h a t  a t  lo w e r
t e m p e r a tu r e s  ( 40°C ) a c e t y l s u l p h u r i c  a c i d  i s  g e n e r a l l y
fo rm e d , w h i le  a t  e l e v a t e d  te m p e i* a tu re s  and i n  t h e  p r e s e n c e
o f e x c e s s  o f  a c e t i c  a n h y d r id e  i t  i s  c o n v e r te d  t o  s u lp h o -
a c e t i c  a c id *  Thus u n d e r  o r d in a r y  d e g r a d a t io n  c o n d i t i o n s
(1 5 -3 0 ° 0 )  t h e  f o r m a t io n  o f  s u lp h o a c e t i c  a c id  can  b e  la r g e .1
C 'l 58r u l e d  ou t*  Van P e s k i '  ^ J a l s o  p ro p o s e d  t h a t  a c e t y l
s u lp h u r i c  a c i d  i s  fo rm ed  when e q u iv a le n t  am ounts o f
s u lp h u r i c  a c i d  an d  a c e t i c  a n h y d r id e  a r e  m ixed*
M ack en zie  and  W in te r ^ '5 5 )  i n  t h e i r  k i n e t i c  s tu d y
o f  th e  r e a c t i o n  b e tw e e n  1 ,  4 - 'benzo  q u in o n e  and  a c e t i c
a n h y d r id e  i n  th e  p r e s e n c e  o f  p e r c h l o r i c  a c i d ,  h a v e
s u g g e s te d  th e  f o r m a t io n  of w h a t th e y  c a l l e d  " a c e t y l
p e r c h l o r a t e "  ( CH^CO"1"*010^” ) i n  s o lu tio n ®  B u r to n  and  
( 5 9 )P r a i l l v i n  t h e i r  s tu d y  o f  a n i s o l e  a c e t y l a t i o n ,  w i th  
a n  a c e t i c  a c i d - a c e t i c  a n h y d r i d e - p e r c h l o r i c  a c id  m i x t u r e , , 
s u g g e s te d  t h a t  a c e t y l  p e r c h l o r a t e  i s  q u i c k ly  fo rm ed  when 
p e r c h l o r i c  a c id  ( t h e  p r o t o n a t i n g  a g e n t )  r e a c t s  w i th  a c e t i c  
a n h y d r id e  and  t h i s  h a s  s in c e  b e e n  c o n f irm e d  b y  c r y o s c o p ic  
s t u d i e s ( £ 6 4 )  ^ They s u g g e s te d  t h e  f o l lo w in g  e q u i l i b r i a  
t o  b e s e t  xip:
H+ + C104  + Ac2 0 Ac+ + C1q4 ~ + AcoH ( V I .1 )
o r
H+ + Ac^> A c ^ H *  —  Ac+ + AcOH ( V I .2 )
AcqH + AcoH2 + (V I. 5 )
+ Ac^O Ac20H+ + AcOH Ac+ + 2AcqH .('VI *4)
-  1 5 5  -
w here  Ac = CH^CO ~ Ac+ i s  t h e  a c e ty l iu m  i o n ,
Ac^OH4* i s  t h e  a c e t i c  a n h y d riu m  io n ,  and
AcOHp* i s  t h e  a c e t i c  ac id b m  io n -
0 5 9  )B u r to n  and  P i ' a i l l v '  b e l i e v e d  t h a t  t h e  r e a c t i o n s  
V I- 1 - 4  w ere  r a p i d  and  w e n t a lm o s t  c o m p le te ly  to  t h e  r i g h t - 
T h is  a p p ro a c h  h a s  b een  a p p l i e d  i n  th e  h e te r o g e n e o u s  
a c e t y l a t i o n  o f  c e l l u l o s e  b y  Howard and  P a ri!d \ ( 3 s') 
an d  p r o v id e s  a  m echanism  f o r  b o th  t h e  a c e t y l a t i o n  and  
d e g r a d a t io n  r e a c t i o n s -  I n  t h e  p r e s e n t  w ork  i t  i s  
p ro p o s e d  t h a t  t h e  ab o v e  e q u i l i b r i a  a r e  s e t  up i n  th e  
d e g r a d a t io n  m ix tu r s  s t u d i e d ,  and  t h a t  b o th  t h e  h y d ro g en  
io n  and  t h e  a c e ty l iu m  i o n  (CH^OO4')  c a n  a t t a c k  t h e  1 - 4  
g l u c o s i d i c  l i n k a g e s  t o  g iv e  c h a in  s c i s s i o n  w ith  
c o n c o m ita n t  a c e t y l a t i o n  o f  th e  e n d -g ro u p s  as  f o l lo w s :
-  1 5 7  -
C o n s id e ra b le  e v id e n c e  e x i s t s  i n  s u p p o r t  o f  b o th  
th e  H+ io n  ( i n  th e  fo rm  o f  H^0+ ) an d  th e  Ac+ io n  a s  t h e  
a t t a c k i n g  s p e c i e s  i n  th e  d e g r a d a t io n  o f  c e l l u l o s e - 
I n  th e  p r e s e n t  sy s te m  t h e  o n ly  o th e r  p o s s i b i l i t i e s  a r e  
t h e  Ac2 OH+ and  th e  AeOH2 + io n s  i n  r e l a t i v e l y  s m a ll  
c o n c e n t r a t i o n s  3 b u t  i t  i s  known t h a t  a c e t y l a t i o n  o f  
c e l l u l o s e  d o es  n o t  t a k e  p l a c e  i n  th e  a b s e n c e  o f  a c e t i c  
a n h y d r id e  o r  on i t s  r e p la c e m e n t  b y  a c e t i c  a c i d ^ ^ -  I t  
may th u s  b e  assum ed  t h a t  th e  AcOH2 + io n  i s  i n e f f e c t i v e  i n  
b o th  th e  a c e t y l a t i o n  an d  d e g r a d a t io n  p r o c e s s e s  - 
V i s c o s i t y  m easu rem en ts  c a r r i e d  ou t on c h lo r o fo r m  s o l u t i o n s  
o f  c e l l u l o s e  t r i a c e t a t e  i n  t h e  a b s e n c e  o f  a c e t i c  a n h y d r id e ,  
b u t  c o n ta in in g  p e r c h l o r i c  a c i d  and  a c e t i c  a c i d  show ed no 
d e g r a d a t io n  t o  t a k e  p l a c e  o v e r  a  p e r io d  o f  24 h o u r s  
a t  25°C - F u r t h e r  s u p p o r t  f o r  th e  a c e ty l iu m  i o n  a s  th e  
r e a c t i n g  s p e c i e s  ( r a t h e r  t h a n  Ac2 OH+ ) i s  g iv e n  b y  
d e g r a d a t io n  s t u d i e s  i n  th e  p r e s e n c e  o f  m e ta l  c h l o r id e  
c a t a l y s t s ,  i n  t h e  a b s e n c e  o f  a c i d s ,  a s  shown l a t e r *
S uch  a  m echan ism  in v o lv in g  b o th  t h e  H+ and Ac+ io n s  
p r o v id e # a  q u a l i t a t i v e  e x p la n a t io n  o f  t h e  a c id  c a t a l y s e d  
d e g r a d a t io n  r e s u l t s  d e s c r i b e d  i n  t h e  p r e s e n t  w ork-
The s l i g h t  d e c r e a s e  i n  r a t e  o f d e g r a d a t i o n ,  f o r  b o th  
s u lp h u r i c  and  p e r c h l o r i c  a c i d  c a t a l y s t s ,  when t h e  a c e t i c  
a n h y d r id e  c o n c e n t r a t i o n  i s  i n c r e a s e d  (1 -0 5 8  to  3 -1 7 4  M) 
may b e  i n t e r p r e t e d  b y  m eans o f  th e  f o l lo w in g  
e q u i l i b r i a :
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H+ + CIO^" + Ac2 0 ^ f :  Ac+ + 0104 ~ + AcOH ( V I .7 )
H+ + HSO^ + A cgO — v Ac+ + HSCf4  + AcOH ( V I  * 8 )
I f  we assum e t h a t  th e  H+ io n  i s  a f a s t e r  d e g r a d a t in g
s p e c i e s  th a n  t h e  Ac+ i o n ,  due p o s s i b l y  t o  i t s  s m a l l e r
s i z e ,  t h e n  a n  i n c r e a s e  i n  t h e  Ac20 c o n c e n t r a t i o n  w i l l
c a u s e  t h e  e q u i l i b r i a  t o  move ev en  f u r t h e r  to  t h e  r i g h t .
w i th  a  r e s u l t a n t  d e c r e a s e  i n  th e  o v e r a l l  o b s e rv e d  r a t e
o f  d e g r a d a t io n *  T h is  w o u ld  a l s o  e x p la in  t h e  same e f f e c t
(1 51)fo u n d  b y  B y t e n s k i i v J e t  a l  i n  t h e i r  k i n e t i c  s tu d y  o f  
d e g r a h t io n  d u r in g  t h e  h e te r o g e n e o u s  a c e t y l a t i o n  o f  
c e l l u l o s e *
I t  c a n  be  s e e n  f ro m  t h e  above  e q u i l i b r i a  t h a t  f o r  
a  s u f f i c i e n t l y  h ig h  c o n c e n t r a t i o n  o f  Ac2 C, t h e  r a t e  o f  
d e g r a d a t io n  may b e  e x p e c te d  t o  i n c r e a s e  due t o  a  l a r g e  
e x c e s s  o f  Ac+ io n s  i n  t h e  s o lu t io n *  T h is  h a s  i n  f a c t  
b e e n  o b s e rv e d  b y  R o s e n t h a l ^ 5 2 )  f o r  t h e  d e g r a d a t io n  o f  
c e l l u l o s e  a c e t a t e  (5 5 .8 %  AcOH) i n  a c e t ic  a c id  s o l u t i o n s  
w i th  a  s u lp h u r i c  a c i d  c a t a l y s t *
The i n c r e a s e  i n  d e g r a d a t io n  r a t e  w i th  i n c r e a s e  o f  
s u lp h u r i c  o r  p e r c h l o r i c  a c i d  c o n c e n t r a t i o n s  i s  to  b e  
e x p e c te d  fro m  (E q u a tio n s  VI*5_ end V I .6 ) ,  s in c e  a  
c o r r e s p o n d in g  i n c r e a s e  i n  H+ and  Ac+ io n s  m u s t o ccu r*
The r o l e  o f  t h e s e  a c i d s  a s .  c a t a l y s t s  c a n  be  s e e n  f ro m  
t h e  s e q u e n c e  o f  t h e  r e a c t i o n s  g iv e n  b y  (E q u a tio n s  VI*1- • 
t o  V T.6 ) ,  sh o w in g  t h a t  t h e  s p e c i e s  H+ and  Ac+ a r e  a g a in  
fo rm ed  a f t e r  t h e  s c i s s i o n  p r o c e s s  shown i n e q u a t i o n s  VI*5 
and  VI®6 ) .  The facfc t h a t  s u lp h u r i c  a c i d  i s  a  much
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l e s s  e f f e c t i v e  c a t a l y s t  th a n  p e r c h l o r i c  a c id  may "be d ue  
t o  t h e  lo w e r  d i s s o c i a t i o n  o f  s u lp h u r i c  a c i d  i n  t h i s  
s y s te m , w i th  a  c o n s e q u e n t  r e d u c t i o n  i n  b o th  t h e  H+ and  
Ac+ c o n c e n t r a t i o n s  - S u p p o r t  f o r  t h i s  i s  c e r t a i n l y  
p r o v id e d  b y  t h e  lo w e r  a p p a r e n t  d i s s o c i a t i o n  c o n s ta n t  
f o r  s u lp h u r i c  a c i d ,  com pared  w i th  p e r c h l o r i c  a c i d ,  i n  
a c e t i c  a c id  s o l u t i o n  a s  fo u n d  b y  H a ll  an d  C o n a n t^ 1 ^ ^ -
An e x p la n a t io n  o f  t h e  p r a c t i c a l l y  i d e n t i c a l  c u r v e s
f o r  m o le c u la r  w e ig h t a g a i n s t  t im e  ( P ig s -  V I -3 ,  8 )  f o r  th e
ra n g e  o f  p o ly m er c o n c e n t r a t i o n s  s t u d i e d ,  f o r  b o th  c a ta ly s t : . -
i s  p r o v id e d  b y  a  c o n s i d e r a t i o n  o f  th e  k i n e t i c s  o f
d e g r a d a t io n  o f  l i n e a r  p o ly m e rs -  G r a s s ie  i n  h i s  d i s c u s s i o n
o f  t h e  s t a t i s t i c a l  a p p ro a c h  t o  random  d e g r a d a t io n  made 
(15-9)b y  K uhnv ^ J h a s  shown t h a t  th e  e x t e n t  o f  d e g r a d a t io n  
and  t h e r e f o r e  t h e  m o le c u la r  w e ig h t  o b ta in e d  a f t e r  a  g iv e n  
t im e ,  d e p en d s  o n ly  on t h e  num ber a v e ra g e  c h a in  l e n g t h  
o f  th e  o r i g i n a l  p o ly m e r and  i s  in d e p e n d e n t  o f  t h e  a c t u a l  
p o ly m e r c o n c e n t r a t i o n  u s e d -  T h is  a p p ro a c h  a l s o  a c c o u n ts  
f o r  th e  d i f f e r e n c e  i n  e x t e n t  o f  d e g r a d a t io n  fo u n d  f o r  
d i f f e r e n t  m o le c u la r  w e ig h ts -  T hese  p o i n t s  a r e  made 
c l e a r  i n  th e  summary o f  K uhn’s s t a t i s t i c a l  t r e a tm e n t  
and  i t s  d i s c u s s i o n  by  G r a s s i e ,  g iv e n  i n  th e  A ppend ix  
(P ag e  m )  -
The h ig h e r  r a t e s  o f  d e g r a d a t io n  fo u n d  f o r  b o th  a c i d  
c a t a l y s t s  on i n c r e a s i n g  t h e  te m p e r a tu r e  a r e  c o n s i s t e n t  
w i th  t h e  tw o - s ta g e  a t t a c k  on t h e  biic% ing oxygen  b e tw e e n  
g lu c o s e  u n i t s  a s  shovm i n e q u a t i o n s  VI 5, an d  V I - 6 ) .
1 6 0
I t  seem s l i k e l y  t h a t  a  r a p i d  p r o to n a t i o n  s t e p  (lo w  a c t i v a t i o n  
e n e rg y )  f o l lo w e d  b y  a  s lo w e r  r e a c t i o n  w i th  a c e t i c  a n h y d r id e  
t o  b r i n g  a b o u t s c i s s i o n  t a k e s  p la c e -  A f u r t h e r  c o n d i t i o n  t o  
t h e  i n c r e a s e  i n  d e g r a d a t io n  r a t e  w i th  t e m p e r a t r e  may b e  due 
t o  t h e  e f f e c t  o f  te m p e r a tu r e  on th e  d e g re e  o f  a c id  d i s s o c i a t i o n  
and  th e  p ro p o se d  e q u i l i b r i a  ( l iq u a tio n s  V I-7  and 8 )  r e s u l t i n g  
i n  h ig h e r  c o n c e n t r a t i o n  o f  b o th  H+ and  Ac'1" io n s -  W hile  i t  
i s  n o t  p o s s i b l e  a t  p r e s e n t  t o  e v a lu a te  e q u i l i b r iu m  c o n s ta n t s  
f o r  t h e s e  e q u i l i b r i a  o r  s e p a r a t e  r a t e  c o n s ta n t s  f o r  t h e  two 
s t a g e  a t t a c k -
T h ese  r e s u l t s  a r e  show n i n  T able#  V I-12  an d  13 and  p l o t t e d
i n  F ig u r e s  V I-12  and  13 f o r  s u lp h u r i c  and  p e r c h l o r i c  a c id -
R a te  c o n s ta n t s  w ere  com puted  fro m  th e  s lo p e s  o f  k i n e t i c
d a t a  p l o t s  b y  t h e  m ethod  o f  l e a s t  s q u a r e s -  A c t i v a t i o n
e n e r g ie s  w ere  e v a lu a te d  f ro m  t h e  A r rh e n iu s  e q u a t io n  fro m  
H i
v a lu e s  o f  l e g  k  a g a i n s t  /rp a s  shown i n  T a b le  V I-1 2 (A) 
and  13(A ) and  p l o t t e d  i n  F ig u r e s  V I-1 2 (A) and  13(A ) f o r  
s u lp h u r i c  and p e r c h l o r i c  a c i d -  I t  c a n  be  s e e n  th a t ;  t h e  
t h e o r e t i c a l  a p p ro a c h  o f  Kuhn i s  e s s e n t i a l l y  c o r r e c t  f o r  t h e  
d e g r a d a t io n  o f  c e l l u l o s e  t r i a c e t a t e  and  v a l t ie s  o f  th e  r a t e  
c o n s t a n t s  f o r  s u lp h u r i c  an d  p e r c h l o r i c  a c i d  a r e  a s  e x p e c te d -  
O b se rv ed  v a lu e s  a r e  c o m p a ra b le  t o  t h a t  o f  0 -3 0 5  x  10~^ o b ta in e d  
f o r  th e  h y d r o ly s i s  o f  m e th y l c e l l u l o s e  b y  HC1 a t  0 °C ,
'Vo ( RQ
r e p o r t e d  b y  W olf ©rmw y y  - The a c t i v a t i o n  e n e r g ie s  o f  7 «i2  > and  
i  7 *3
1 7 “ 3 k c a l  p e r  m ole f o r  s u lp h u r i c  and  p e rc h lo r ic  a c i d  r e s p e c t i v ­
e l y ,  a r e  c o m p a ra b le  t o  t h a t  o f  2 8 -0  k  c a l  p e r  m ole as  fo u n d  b y
R a te  c o n s ta n t s  w ere  e v a lu a te d  fro m  th e  d a t a  i n  T a b le
{ '62-65)P re u n d e r ib e rg v '  f o r  th e  h y d r o ly s i s  o f  c e l l u l o s e  and
a r e  i n  k e e p in g  w i th  t h a t  e x p e c te d  f o r  t h e  b r e a k in g  o f c o ­
v a l e n t  b o n d s .
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TABLE V I .12
EVALUATION OP RATE CONSTANT (k )  OP CELLULOSE TRIACETATE 
IIS' OHL'OROFOKri-AOETIO ANHYDRIDE
SttLifojRIC AOl'D'
K i n e t i c  d a t a  2 8 8 .8  L— -—  ----- ) a t
i 5 ° c  20°C 2 5 °0  3 0 °c
10 1 .9 3 2 0 2 .2 0 6 5 3 -0 8 3 2
15 2 .1 9 5 0
20 2 .3 1 2 2 2 .8 4 7 1 4 .2 3 2 1
25 2 .8 1 8 3
50 2 .7 0 7 8 3-5 2 3 9 5 .0 2 0 4
55 3 -4 2 1 0
40 3 -0 2 2 6 4 .2 1 1 1 5 .6 2 1 6
45 3-9481
50 3 -4 2 1 0 4 .7 2 4 6 6 .0 8 2 1
55 4 .4 2 6 3
60 3-7761 5 .1 2 3 8 6 .4 1 5 6
65 4 .8 9 4 ?
4  ~1 10 m in 0 .3 4 6 6 0 -5 3 8 6 0 .5 9 7 3 0 .6 5 1 8
Time
i n
m in u te s
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EVALUATION OE RATE CONSTANT ( k )  OE CELLULOSE TRIACETATE 
IN CHL'CMMMT-AOETIO AIHLnjRIIJE^EUIJUTTONHXINTAnTI^
- PEncTOORIC ‘'T O IF
TABLE V I * 1 3
K i n e t i c  d a t a  288*8 (~—— — ~) a t
Mn x  Hnt
m in n t es 1 5 °0 20°C 25°C 3 0 ° C
10 1 .4 4 5 8 1 .6 5 3 9 1 .8 0 9 3 2 0 0062
20 1.6-165 1 .9 5 2 9 2 .1 0 4 6 2*7906
30 1 .7 6 9 5 2 .2 4 1 3 2 .5 4 8 5 3 .5 4 1 ?
40 1 .9 5 2 9 2 .5 3 5 6 2 . 9 3 3 6 4*1694
50 2 . 1 1 5 ? 2 .8 1 8 7 3 .4 2 0 9 4*9697
60 2 .2 8 8 4 3 .1 1 4 0 3 .8 5 1 6 5 -6 5 0 9
70 2 .4 3 4 2 3-3 8 7 3 4 .2 7 4 5 6*3471
80 2 .6 0 0 7 3 .6 6 5 8 4 .6 7 7 3 7 * 0 0 0 3
90 2 .7 6 2 8 3 .9481 5 .0 7 1 8
5.506-I
7*5282
100 2 .9 3 3 6 4 .2 3 2 1 8*1117
110 3 .0 8 3 2 4 .4 9 3 2 5 .9 5 4 8 8*7601
120 3 .2 3 9 9 4 .7 7 2 5 6 .3 1 3 2 9 o? 2 5 2
U.k  x  10 m in 0*1599 0*2607 0*4188 0*6791
EVALUATION
TABLE V I*12(A )
OE ACTIVATION ENERGY FROM Lfil k  AND 1 /T
OE SULPHURIC ACID DATA
1U  (lc x  1 0 + 1*2430 1*6838 1®?872 1*87+5
1 /T  x  1 0 5 3*470 3*410 3*354 3*298
A c t i v a t i o n  e n e rg y  « ,7*120 k  c a l*
EVALUATION
TABLE V I*13(A )
OE ACTIVATION ENERGY EROM L//  k  AND 1 /T
OE PERCHLORIC ACID DATA
i n  ( k  * 0*4700 0*9581 1*4327 1*9155
1 /T  x  10^ 3*470 3*410 3*35+ 3*298
A c t i v a t i o n  e n e r g y  = 17**3 k  c a l *
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EVALUATION OF RATE CONSTANT ( k )  OF CELLULOSE TRIACETATE
F IG * V I I 2
EVALUATION OS’ RATE CONSTANT (lc) OF CELLULOSE TRIACETATE
IN CHLOROFORM-AOETIC ANHYDRIDE ( 2 . I I6 M .) SOLUTION
/
1 6 4
F IG * V I . 1 3
3 .2 0  .3 .3 0  ^ ^.4-0 3^50
l / T  . 1 0
FIG* Vjl. I 3  (A)
-  1 6 6  -
C H A P T E R  V II
DEGRADATION STUDIES OP CELLULOSE TRIACETATE IN 
CHLOROFORM-ACETIC ANHYDRIDE SOLUTIONS 
CONTAINING METAL CHLORIDES
Many authors who have studied the rate of esterifica- 
tion and degradation of cellulose, revealed the interesting 
fact that those catalysts which produced a high rate of 
esterification, usually produced a high rate of degradation 
In order to study degradation reactions using various 
catalysts, it  is useful to undertake the study of 
esterification reactions- Therefore it may he said 
that the reaction kinetics in these processes are 
inter-related- The purpose of the present work described 
here is to study the rate of degradation of cellulose 
triacetate in chloroform solution, using some of the metal 
chloride catalysts studied by Dermer^  in the acetylation 
of anisole- These catalysts were also studied by 
Prailrf in the acetylation of toluene. One of these 
catalysts, zinc chloride, has already been used successfully 
in the acetylation of cellulose 2^2 9 5 , and this
suggested that other catalysts in the Dermer series could 
also be employed for acetylation- Work carried out in the 
Chemistry Department showed this to be the case for 
catalysts other than zinc chloride to be listed, bismuth 
trichloride, tellurium tetrachloride, stannic chloride, 
ferric chloride and antimony pentachloride^^ ^  and these 
catalysts were therefore selected for study in the present 
work-
-  1 6 7  -
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The procedure for preparing the final polymer solution 
was similar to that described previously for the acid 
catalysts, except that a weighed amount of metal chloride 
was ,transfered to acetic anhydride in a dry-box and the 
solution made up to 25 ml at the temperature of the 
experiment- A measured volume was then transferred to the 
polymer solution, prepared as previously described at the 
temperature of the experiment, and made up to 50 ml with 
further addition of chloroform- The final concentration 
of acetic anhydride was kept the same throughout the 
degradation runs- An acetic anhydride concentration of
2-II6 M, was found to be adequate to dissolve the amounts 
of each of the catalysts used- Viscosity measurements 
were then made at various times as described previously 
for the acid catalysts (Chapter VI)* A\. zinc chloride 
solution in acetic anhydride formed a gel as soon as it  
was added to the polymer solution- This was s till 
observed even at extremely low concentrations (about 
1 x I 0  ^M) at 40°G- It was therefore not possible to 
carry out any viscosity measurements using this catalyst-
E x p e r i m e n t a l
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The viscosity results are shown in Tables VII„! to 
2 for SfoCX^ , FeCl^, SnCl^, and for TeCl^ and BiCl^ in VII. 3 
to 4 at 30°C and 40°Co Molecular weight values were 
calculated from viscosity measurements (as described in 
Chapter V) for SbCl^, FeCl^ and SnCl^ and are given in 
Tables VII-1 to 2- For TeCl^ and BiCl^ viscosity results 
could not be used for evaluating molecular weight, as there 
was a rapid increase in the viscosity with time on addition o 
catalyst to the cellulose triacetate solution- Degradation 
curves showing change of molecular weight with time are 
plotted in Figures VII-1-2 for SbCl FeCl„ and SnCl. atp j> A
30°C and 4-0°C respectively- In the case of TeCX^ and BiCl^ 
the change in relative viscosity with time, at 30° and 40°C, 
is shown in Figures VII-3 and 4-
R e s u l t s
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TABLE VII. 1
EFFECT OP DIFFERENT CATALYSTS ON DEGRADATION OP CELLULOSE 
TRIACETATE (0.8 g./dl.) IN CHLOROFORM CONTAINING 2,118 M. 
ACETIC ANHYDRIDE AT 50° 0
(i) Antimony pentachloride = 2.23 x 10 M.Solvent Plow Time = 85-60 secs.
Time(minutes) Plow-time(secs) n ,rei ln te l ( U T E
0 289.84 3.3860 1.2196 1.9440 81,00010 228.80 2.6728 0.9831 1.4177 62,30020 220.78 2.5193 0.9475 1-3573 59,60030 214.16 2.5019 0.9171 1.3065 57,40040 212.12 2.4780 0.9074 1,2906 56,70050 209.00 2.4415 0.8926 1.2661 55,60060 206.76 2.4154 0,8818 1.2484 54,90070 204.21 2.3856 0.8694 1.2282- 54,00080 202.34 2.3638 0.8602 1.2132 53,30090 200.63 2.3438 0.8517 1.1995 52,700100 199.67 2.3256 0.8439 1.1869 52,200110 197-56 2.3079 0.8363 10174-5 51,600130 196.18 2.2918 0.8293 1-1633 51,100180 187.50 2.1904 0.7840 1.0011 48,000240 180.30 2.1063 0.7449 1o0301 45,300
(ii)  Ferric chloride =2.23 x 10'"2M
0 289.84 3*3860 1.2197 1.8440 81,00010 271.85 3.1759 1.1556 1.7238 75,80020 266.55 3.1139 1-1359 1.6877 74,20030 262.46 3 0 0661 1.1204 1-6595 72,90040 259.41 3.0351 1.1102 1.6401 72,00050 256.76 2.9995 1.0984 1.6198 71 ,20060 254.51 2.9731 1.0896 1.6052 70,50070 252.40 2.9481 1.0811 1.5807 69,80080 250.21 2.9221 1.0723 •1.5768 69,20090 248.47 2.9027 1.0656 1.5612 68,600120 245.01 2.8631 1.0521 1.5474 67,800140 242.76 2.8360 1.0424 1.5205 66,800180 239.99 2.8029 1.0307 1.5007 66,000240 237-26 2.7717 1.0195 1.4803 65,000
- 1 7 1  -
TABLE V II.1 continued
( iii )  Stannic chloride = 2*23 x 10“  ^M*
Time (minutes) Flow-time (secs)
0 289.8+ 3.386010 286.81 3.350620 283.67 3.313930 282 *14 3.2960+0 280*76 3.279950 279.47 3.264860 278*25 3.250670 276*76 3.221980 275.27 3.215890 273.96 3.2005100 272*82 3.1871110 271*86 3.1759120 270*96 3.1654130 270*16 3.15611+0 269.3+ 3.1+65150 268.65 3.138+180 266*7+ 3.1161210 26+*82 3.09372+0 262*46 3.0661
ln  Y r e i Mn
1*2197 1.8440 81,0001*2091 1*82+0 80,2001*1981 1*8032 79,2001*1927 1*7930 78,8001*1878 1.7838 78,+001.1831 1.7751 78,0001*1788 1*7670 77,6001*1699 1*7505 76,9001*1680 1.7+70 76,8001-1633 1*7381 76,+001*1501 1*730+ 76,0001*1555 1.7239 75,8001*1522 I .7178 75,5001*1+93 1*7123 75,2001*1+62 1*7068 75,0001*1+37 1*7020 74,8001*1366 1.6890 ?+,2001-1293 1*6758 73,6001*120+ 1.6595 72,900
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EFFECT OF DIFFERENT CATALYSTS ON DEGRADATION OF CELLULOSE TRIACETATE 
( 0 -8  g , / d l . )  IN CLQROFORM CONTAINING 2 -1 1 6  M- ACETIC /ANHYDRIDE AT3 0'
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TABLE V II*2
TRIACETATE (0*8 R./dl.) IN CHLOROFORM CONTAINING 2*116 M*
ACETIC ANHYDRIDE AT 40°0
o(i) Antimony pentachloride = 2*23 M x 10"Solvent flow time = 78-30 secs*
E F F E C T  O E  D I F F E R E N T  C A T A L Y S T S  O N  D E G R A D A T I O N  O E  C E L L U L O S E
Time(minutes) Flow-time (secs) Y\rel ln 0 i Pfo] Mn
0 244*77 3-2080 1*1656 1.79+0 81,000- 10 197.93 2*5941 0.9532 1*3987 63,20020 172*15 2.2562 0*8136 1*1602 52,40030 155.+2 2*0369 0*711+ 0*99+6 44,90040 144*46 1.8933 0*6383 0.8803 39,80050 137.62 1*8037 0*5898 0.806+ 36,40060 131.95 1*7294 0*5+78 0.7+35 33,60070 127.74 1*67+2 0.5153 0.6955 31,40080 123.52 "I * 6189 0.4817 0*6+65 29,20090 121.47 1.5920 0 *4649 0*6223 28,100100 118*53 1.5535 0.4405 0*5872 26.500110 116*51 1*5270 0*4233 0*5627 25,400120 114.93 1*5063 0*4096 0*5+33 24,500130 113.70 1*+902 0*3989 0*5281 23,800140 1 2.48 1*+7+2 0*3881 00130 23,200150 111.49 1*+612 0*3792 0*5006 22,600160 108*63 1*+237 0*3532 0*4643 21,000240 103.76 1.3599 0*3074 0*4013 18,100
(ii)  Ferric chloride =2*23 x 10*-2
0 244*77 3.2080 1*1656 1*79+1 81,00010 213*00 2*7916 1*0266 1.5306 69,10020 201.53 2*6+13 0*9712 1*+30? 64,60030 192.00 2*516+ 0*9228 1*3+5+ 60,80040 184*14 2*4134 0*8810 1.2734 57,50050 176*77 2*3168 0*8401 1*2043 54,40060 170.71 2*2374 0*8053 1*1463 51*80070 165.51 2*1692 0*77+3 1*0956 49,50080 160*77 2.1071 0*7-53 1*0486 47,400 '90 156*22 2*6488 0*7172 1*0038 45,300100 152*43 1*9978 0*6920 0®963r’ 43,500110 148*97 1*9524 0*6690 0*9279 41,900120 1+5.73 1.9100 0.6+71 0.8939 40/00130 1+2*57 1*8685 0*6251 0*8601 38,800140 140,11 1.8363 0*6077 0*8336 37,600150 137.79 1*8059 0*5910 0.8083 36,500160 135.47 1.7755 0*57+0 0*7827 35,300170 133.28 1*7+68 0.5577 0*7583 34,200180 131.32 1*7211 0*5+29 0*7363 33,300190 129.65 1*6992 0*530'! 0*7173 32,400220 124.65 06337 0*4908 0*6597 29,800240 122*28 1*6026 0*4716 0*6319 28,500
-  1 7 4  -
p( i i i )  Stannic chloride = 2.23 x 10 M
Time Flow-time M -,71 ,(minutes) (seos) rei 11 rei C^ol
T A B L E  V I I  . 2  c o n t i n u e d
0 244*7710 226.6020 233-7530 221.2440 219.3150 217-3760 215.6470 213.9090 212.25110 210*38130 208.90150 207.37170 205.82190 20*-. 21210 202.67240 201.28
3.2080 1.16562.9699 1.08852.9325 1.07582.8996 1.06452.8743 1.05582.8489 1.04692.8262 1.03892.8034 1.03082.7817 1.02302.7573 1.01422.7379 1.06712.7178 0.99982.6975 0.99232.6764 0.98452.6562 0.97682.6380 0.9700
1.79'n 81,0001.64-56 74,3001.6218 73,200 1.600? 72,3001.5844 71,5001.5679 70,8001.5532 70,1001.54-52 69,8001.5241 68,8001.5080 68,100 1.4952 67,5001.4819 66,9001.4684 66,3001.4543 65,7001.4407 65,1001.4285 64,500
-  1 7 5  -
E F F E C T  O F  D I F F E R E N T  C A T A L Y S T S  O N  D E G R A D A T I O N  O F  C E L L U L O S E  T R I A C E T A T E
TIME IM MINUTES 
FIG- VIIo 2
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TABLE V II.3
EFFECT OF DIFFERENT CATALYSTS ON DEGRADATION OF CELLULOSE 
TRIACETATE (0-8 g./Al.) IN CHLOROFORM CONTAINING 2.116 M.
ACETIC ANHYDRIDE AT 30°C
—P(i) Tellurium tetrachloride = 2.23 x 10" M0Solvereu flow-time = 83«60 secs.
Time(minutes) Flow-time (secs) ftrel n111 rel &'o1 Mn •
0 289.84 3-3860 1.2197 •*8440 8-' ,000
10 297-96 3-4808 1.2472 Could not be evaluatec
20 296-47 3-4634 1.2422 —30 295-42 3-45 "D'; 1-2386 - —60 293-19 3-425 1-231 “ - -120 290.07 3-3886 1-2204 —180 287o67 3-3606 1-2121 - —240 285-85 3-3394 1-2058 - -
( ii)  Bismuth trichloride = 2.23 x 10~2 M.
0 289-84 3 - 380O 1-2197 1-844010 301-76 3-5252 s\1 -2599 Could not20 301-07 3-5172 1-257730 300-56 3-5112 1-255940 299-17 3-4950 si-2513120 297-67 3-4775 10 2463180 296-14 3-4596 '1I -2411240 295-67 3-4541 1-2395
81,000
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TABLE VII .4
EFFECT OF DIFFERENT CATALYSTS ON DEGRADATION OF CELLULOSE
TRIACETATE (0.8 g./dlQ IN CHLOROFORM CONTAINING 2.116 H
ACETIC ANHYDRIDE AT 40° 0
(i) Tellurium tetrachloride = 2*23 x 10 H« Solvent flow time = 76*30
} i m e
. n u t e s )
F l o w - t i m e  
( s e c s ) rH0
S'
l n  V e l m F i n
0 244.77 3*2080 1 *1637 i„ 794-1 81,00010 248*76 3*2603 1 * i486 - -
20 247*07 3*2381- •j o 1749 - -30 243*43 3*2166 1*1685 - -40 243*96 3*1974- 1*1623 - ~30 242*39 3*1794- 1*1366 ~ -60 241*26 3*1620 1 * 1512 - -70 239*94 3.14-47 1 *14-37 -80 238*74 3*1290 1 *1407 - -90 237*66 3*1 '’48 1*1361 ~ -
120 234*07 3*0678 1*1209 - —180 224*92 2*9478 1*0810 - -240 224*92 2*9478 1*0810 - -
( ii)  Bismuth trichloride = 2*23 x 10" M
0 244*77 3*2080 1*1657 *1 * 7941 81,00010 250*47 3*2827 1*188620 249*18 3*2658 1*1835 —30 248*01 3*2505 1*1788 — _40 246*98 3*2370 1 *174630 245*82 3*2218 1*1699 __60 2-4-4*76 3*2079 1*1656 — _70 243*64 3*1932 1*1610 - - —80 242*73 3*1813 1*1572 —90 241*76 3*1685 1*1532 — —120 239*15 3*1#43 1*1424 _180 234*48 3*6731 1*1226 —240 230*96 3*0270 1*1057 - -
EFFECT OF DIFFERENT CATALYSTS QN DEGRADATION OF CELLULOSE TRIACETATE ■
<0.8 g./dl.) IN CHLOROFORM CONTAINING 2.116 M.ACETIC ANHYDRIDE AT 30°C
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E F F E C T  O F  D I F F E R E N T  C A T A L Y S T S  O N  D E G R A D A T I O N  O F  C E L L U L O S E  T R I A C E T A T E
TIME IN MINUTES 
FIG. VII,4
-  1 8 0
Discussion of Results
It can be seen (Figure V II.'1 and 2) that SbCl^  iB
tbe most effective degradating catalyst folloxrod by
FeCl^  and SnCl^  when the same concentrations are
~2compared (2.23 x 10 M). It is quite clear that all the
metal chloride catalysts give a much lower rate of 
degradation, under the same conditions of temperature and 
acetic anhydride concentration, compared to sulphuric 
and perchloric acids. Thus for an antimony pentachloride 
concentration of 2.231 x 10“ 'M, the molecular weights of 
cellulose triacetate were 54,900, 51?300 and 48,000 
(Table V II01(i)) compared to 28,900, 26,700 and 26,300 
(Table VI.4(iv)) for 1.70 x 10~2 M H^ SO^  after 1, 2 and 3 
hours respectively, dher experimental conditions remaining 
the same.
Figures V II.3 and 4 show that TeCl^  and Bi£l^  are the 
weakest catalysts for the degradation of cellulose 
triacetate in chloroform solution. The increase in 
viscosity, on addition of an acetic anhydride solution of 
the catalyst to a solution of cellulose triacetate in 
chloroform, may be attributed to partial aggregation of 
the polymer chains in these systems. This occurred in 
spite of the system remaining as a clear solution without 
showing any signs of turbidity or gelling. Gelling was 
more marked, with the appearance of gel particles 
(transparent grains), when either the concentration of 
acetic anhydride was decreased or the catalyst concentration 
increased under the same experimental conditions. For 
these reasons it was thought unwise to evaluate molecular
weights from viscosity data* However, it is s till 
possible to deduce the order of catalyst abilities for 
the degradation process, based 011 a comparison of 
relative viscosities after a given time* Bearing in mind 
that tellurium and bismuth chlorides give abnormally 
high viscosities (due to aggregation), we believe the 
order of degradating efficiencies to be SbCl^  FeGl^ 
SnQlq^  TeCt^ v> BiCl^  as seen from a comparison of 
results in Tables V II* 1-4.
The rate of degradation increased with temperature 
for all the catalysts, as seen from a comparison of the 
charges in molecular weight (Figures V II.1 and 2) or 
relative viscosity (Figures VII* 3 and 4) with time and 
the sequence of catalyst efficiencies remained the same*
-  1 8 1  -
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acid by a metal chloride catalyst would result in the
formation of acetylium ions only, as the degradating
species. A much slower rate of degradation would thus be
expected, in agreement with the mechanism previously
proposed for the acid catalysts in Chapter VI. The
reaction between the metal chloride catalysts is based
on the evidence of Burton and Praill for 6-acetylation
and the suggested role of the acetylium ion (CH^ CO+) in the
degradation of cellulose has already been discussed by
(37)Howard and Parikhw ' . The following equilibrium is
proposed for the reaction between one mole of catalyst
M01x and n moles of acetic anhydride
n~ n+
MClx + n Ac20 -yfe lMClx (OAc)n j Acn (VII. 1)
Here the value of n w ill depend on both the value of x 
and the electronic configuration for the metal M. The 
concentration of acetylium ions, available for the 
degradation process already proposed (equation (VI.5), 
will in turn depend on the value of n, the extent of the 
equilibrium and the degree of ionic dissociation of the 
complex formed (equation VII.1.). The possibility of 
additional side-reactions involving the catalyst must 
also be considered. While interaction with the solvent 
chloroform can be ruled out, some complex formation with 
the polymer chain seems likely. Burton and Praill 
suggested that zinc chloride would be a more efficient
R e a c t i o n  M e c h a n i s m
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acetylation catalyst than aluminium chioride? since 
the values of n in equation (V II*I) would he 2 and 1 
respectively to complete the outer octet of electrons 
In each case® In the present work, the order of 
efficiencies of the metal chloride catalysts did not 
hear any systematic relationship to differences in their 
electronic configurations* This conclusion was also 
reached by Dermer^  105) X^ Q foml^  the order of decreasing 
catalyst efficiencies for acetylation to be:
AlGl^ SbCl^   ^ Fe015 TeCI^   ^ SnCl^ TiCU^  ^ TeOl^  ^
Bid^ j  ZnCS^  which is the same as that found for the 
degradsb ion catalysts used in the present Y^ ork* A 
decreasing ability of these metal chlorides to complex 
with the AcO ion is suggested to be in the same order, 
Judging by their abilities to form hydratesv ' *
Evidence for some degree of interaction between the 
metal chloride catalysts and the cellulose triacetate 
chain is provided by the gelling and anomolous viscosity 
effects, observed in the case of ZnCl^ , BiGl^  and TeCl^ ® 
This is probably due to some degree of loose cross--linking 
between the polymer chains , to give either partial aggre­
gation or extensive network formation to form a gel*
Such interaction may involve oxonium type complexes with 
the bridging oxygen, as suggested by Howard and Parikh^?), 
the extent of which decreases in the order ZnCl^  ^BiCl 
TeGlZj_* This would also partly explain the much lower 
degradating efficiencies observed for the last two 
catalysts, since less would be available for the production 
of acetylium ions*
Rate constants -were evaluated from the data in Tables
( C P ^VII. 1 and 2 using the equation of Kuhn s~ (Appendix) as
-  1 8 4  -
follows: ^  “ £Intj
288°8 W  x Mn, " kt t
These results are shown in Table V II.5 and 6 and plotted in 
Figures V II.5 and 6, for antimony pentachloride, ferric 
chloride and stannic chloride at 30° and 40°C I'espectively. 
Rate constants were computed from the slopes of kinetic 
data plots by the meibiod of least squares. Activation 
energies were evaluated by solving the simultaneous 
Arrhenius equations for a metal chloride at 30° and 40°G:
~S/RTg|3-2
k40 = A e
It can be seen that the theoretical approach of Kuhn
ftis essentially correct for the degradation of cellulose
triacetate and values of the rate constants for antimony 
pentachloride, ferric chloride and stannic chloride decrease
in this order as expected. Observed values are comparable
—4- „ qto that of 0.305 x 10 min obtained for the hydrolysis
of methyl cellulose by HOI at 0°C, reported by Volfbxm ?^^  
The activation energies of 35'05 P-. 3 7 and '3 4 ,8 k cal per 
mole for antimony pentachloride, ferric chloride and 
stannic chloride respectively, are comparable to that of 
28.0 k cal per mole as found by Freundenberg^ 8 r"63) an(2 
others for hydrolysis of cellulose
1 8 5  -■
T A B L E  V I I o 5
EVALUATION OF KATE CONSTANT (k) OF CELLULOSE TRIACETATE 
' IN GHLORCFQPiM-ACETIG ANHYDRIDE SOLUTION CONTAINING
~  ~ m rnr-m M im m nurwrG ~ "
Kinetic data 288*8 C —, yA) forTime KMn)x (lltybinminutes S‘bClc-5 FeClj SnCl^
10 1*0682 0 o'! 464 0*035520 1*2779 0*3262 0*080950 1*4632 0*4899 0*099440 1*5252 0*6433 0*118150 1*6258 0*7563 0*140860 1*6919 0*8760 0*156070 1*7793 0.9737 0*189880 1*8493 1.6682 0*194790 1 *9 'ill 1*^ 591 0*2'! 43
„ tt . ...ik i  10 mm 0 * 0 9 8 0*0376 0*0213
TABLE V II.6
EVALUATION OF RATE CONSTANT (k) OF CELLULOSE TRIACETATE IN CHLOROFORM-ACETIC ANHYDRIDE SOLUTION CONTAINING METAL CHLORIDES Af~4077Cr'““~~ ~~ ~
Time Kinetic data
(ffij -(Mnl 
0 0 0  0  for
-L J L Iminutes SbCl5 PeCl,5 SnCl^
10 1*0024 0.6129 0*321020 1*9424 0*9035 0*379230 2*8613 1*1824 0*428540 306840 1 *4545 0*472950 4*3605 1*7402 0*512760 5*0204 2.0062 0*553470 5*6216 2*2647 0*571080 6*3132 2*522790 6.6996 2*8046 0 06311
4k x 10 min 0*646 0*269 0*1349
1 8 6
EVALUATION OP SATE CONSTANT OP CELLULOSE TRIACETATE IN 
CHLOROPORM-ACETIC ANHYDRIDE SOLUTION CONTAINING METAL
CHLORIDES AT 30 "c
TIME IN MINUTES 
PIG. V II.5 ;
\
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S t a t i s t i c a l  A p p r o a c h  t o  P o l y m e r  O h a i n  D e g r a d a t i o n
Kuhn^") assumed that each bond between the monomer 
units had the same chance of being broken as any other® If 
at any stage in the degradation reaction s bonds are broken 
in a very long polymer chain having in itia lly nQ monomeric 
units and n -1 links, then the degree of degradation <0 can 
be defined as
= s/(nQ-1) (1)
Assuming the randomness of the scission process to be
correct, then if s bonds are broken after a time t and using
the relationship in equation (1) we have:
t<*(n -1) = (n -1 )(l-e 1 ) (2)-k tor = s/(n -1) - 1-e 1 (3)
in which k^  is the unimolecular rate constant for the 
scission process* Equation (2) is that for a first order 
kinetics reaction, the rate of scission being dependent only 
on the number of bonds remaining at any time® This approach 
is essentially correct for the degradation of cellulose 
■triacetate which is a psuedo first-order reaction, since the 
Ac^ O concentration is at least a hundred times that of the 
oxygen bridges comprising the polymer chain in all cases*
The number average chain length n at any stage of the 
degradation imctlon will be given by:
n - no/(s+l) (4)
where s is average number of breaks for polymer molecule in 
the solution* Combination of equations (4) and (3) with the 
elimination of s leads to:
2_L = _2—  e (5)a nQ
which can be written as:
-In (-—) = -In (•——) + kt (6)
o
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For a polymer undergoing random degradation, therefore,
experimental values of the left hand side of equation (6)
plotted against the corresponding times should give a straight
n~1line of slope k and intercept of -ln (-——). It can be seenothat the number average chain length at any given time 
depends on the initial chain length (or molecular weight) 
and not on the polymer concentration. When 1/n is very 
small, particularly in the in itial stages of degradation, 
equation (6) reduces to:
!  - —  = kt (7)n n v 1'o
In the later stages of degradation, however, it approximates 
to:
ln (BLrrf = kt (8)
For the degradation of cellulose triacetate in solution over 
sufficfeitly short reaction times equation (7) can be 
written as:
288.8 288.8
(Mn)t (Mn)o
= (9)
+ 28A.8 15
or
(FK)t O E > 0
where (Mn)o and (!to)^ _ represent the initial number average 
mr.lecular iveight and its value after time t respectively. 
Here the value of 288.8 is the molecular weight of a single 
monomeric glucose unit in the polymer chain.
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A high molecular weight product could he prepared at 
suitably low temperature and catalyst concentration, 
provided a complete acetylation is not required. Catalysts 
other than zinc chloride could be used more efficiently, 
under suitable reaction conditions, provided increased 
degradation of the product during preparation is acceptable. 
Degradation studies could be made using m-cresol or formic 
acid instead of chloroform as a solvent for cellulose 
triacetate, under the same reaction conditions. This might 
enable a striy of degradation to be made using catalysts 
such as zinc, bismuth and tellurium chlorides without any 
gelling effects. If  m-creso.i were used, the degradation 
studies could be made at even higher temperatures without 
any loss of solvent due to evaporation. Degradation 
studies could also be carried out with cellulose propionate 
and a comparison could be made with celltilose triacetate.
S u g g e s t i o n  f o r  F u t u r e  W o r k
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